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Description
[Technical Field]

[0001] The disclosure relates to a communication system. More particularly, the disclosure relates to a method and
apparatus for scheduling and transmitting or receiving data according to an amount of data or a data rate, which can be
processed by a terminal.

[Background Art]

[0002] To meet the demand for wireless data traffic having increased since deployment of 4th-Generation (4G)
communication systems, efforts have been made to develop an improved 5th-Generation (5G) or pre-5G communication
system. Therefore, the 5G or pre-5G communication system is also called a 'Beyond 4G Network’ ora’Post LTE System’.
The 5G communication system is considered to be implemented in higher frequency (mmWave) bands, e.g., 60GHz
bands, so as to accomplish higher data rates. To decrease propagation loss of the radio waves and increase the
transmission distance, the beamforming, massive multiple-input multiple-output (MIMO), Full Dimensional MIMO (FD-
MIMO), array antenna, an analog beam forming, large scale antenna techniques are discussed in 5G communication
systems. In addition, in 5G communication systems, development for system networkimprovementis under way based on
advanced small cells, cloud Radio Access Networks (RANSs), ultra-dense networks, device-to-device (D2D) commu-
nication, wireless backhaul, moving network, cooperative communication, Coordinated Multi-Points (CoMP), reception-
end interference cancellation and the like. In the 5G system, Hybrid FSK and QAM Modulation (FQAM) and sliding window
superposition coding (SWSC) as an advanced coding modulation (ACM), and filter bank multi carrier (FBMC), non-
orthogonal multiple access(NOMA), and sparse code multiple access (SCMA) as an advanced access technology have
been developed.

[0003] The Internet, which is a human centered connectivity network where humans generate and consume informa-
tion, is now evolving to the Internet of Things (I0T) where distributed entities, such as things, exchange and process
information without human intervention. The Internet of Everything (IoE), which is a combination of the IoT technology and
the Big Data processing technology through connection with a cloud server, has emerged. As technology elements, such
as "sensing technology", "wired/wireless communication and network infrastructure”, "service interface technology", and
"Security technology" have been demanded for loT implementation, a sensor network, a Machine-to-Machine (M2M)
communication, Machine Type Communication (MTC), and so forth have been recently researched. Such an loT
environment may provide intelligent Internet technology services that create a new value to human life by collecting
and analyzing data generated among connected things. loT may be applied to a variety of fields including smart homes,
smartbuildings, smartcities, smart car or connected cars, smart grid, health care, smart appliances and advanced medical
services through convergence and combination between existing Information Technology (IT) and various industrial
applications.

[0004] In line with this, various attempts have been made to apply 5G communication systems to loT networks. For
example, technologies such as a sensor network, Machine Type Communication (MTC), and Machine-to-Machine (M2M)
communication may be implemented by beamforming, MIMO, and array antennas. Application of a cloud Radio Access
Network (RAN) as the above-described Big Data processing technology may also be considered to be as an example of
convergence between the 5G technology and the loT technology.

[0005] Inorderto effectively transmit data in an NR system, a low-density parity-check code (LDPC) may be applied. In
addition, there are two methods of transmitting parity bits generated by LDPC coding. A method for allowing all parity bits
generated by LDPC coding to be transmitted may be referred to as full buffer rate matching (FBRM) and a method for
limiting the number of parity bits that can be transmitted may be referred to as limited buffer rate matching (LBRM).
[0006] The above information is presented as background information only to assist with an understanding of the
disclosure. No determination has been made, and no assertion is made, as to whether any of the above might be applicable
as prior art with regard to the disclosure.

[Disclosure of Invention]
[Technical Problem]

[0007] Aspects of the disclosure are to address at least the above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accordingly, an aspect of the disclosure is to provide a method for
configuring LBRM-related parameters in order to effectively perform LBRM on uplink data or downlink data, or suitably
configuring LBRM parameters if parameters are not configured.

[0008] Additional aspects will be set forth in part in the description which follows and, in part, will be apparent from the
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description, or may be learned by practice of the presented embodiments.
[Solution to Problem]

[0009] Inaccordance with anaspectofthe disclosure, a method performed by a base stationina communication system
is provided. The method includes identifying that a downlink limited buffer rate matching (LBRM) is applied, encoding
information bits to be transmitted to a terminal using a low-density parity-check code (LDPC), identifying a length of a
circular buffer N, based on a transport block size (TBS) for the downlink LBRM, determining a bit sequence based on the
N, and the encoded information bits, and transmitting, to the terminal, the bit sequence, wherein the TBS for the downlink
LBRM is identified based on a downlink maximum modulation order, and wherein the downlink maximum modulation order
is identified as either 8 or 6 according to a higher layer signaling.

[0010] In accordance with another aspect of the present disclosure, a method performed by a terminal in a commu-
nication system s provided, the method includes identifying that a downlink limited buffer rate matching (LBRM) is applied;
identifying a length of a circular buffer Ncb for receiving information bits from a base station based on a transport block size
(TBS) for the downlink LBRM; receiving, from the base station, downlink data signal; and obtaining information bits
associated with the downlink data signal based on the N, wherein the TBS for the downlink LBRM is identified based on a
downlink maximum modulation order, and wherein the downlink maximum modulation order is identified as either 8 or 6
based on based on bandwidth part (BWP) configuration in higher layer signaling.

[0011] In accordance with another aspect of the present disclosure, a base station in a communication system is
provided. The base station includes a transceiver; and

at least one processor configured to: identify that a downlink limited buffer rate matching (LBRM) is applied, encode
information bits to be transmitted to a terminal using a low-density parity-check code (LDPC), identify a length of a circular
buffer Ncb based on a transport block size (TBS) for the downlink LBRM, determine a bit sequence based on the N, and
the encoded information bits, and transmit, to the terminal via the transceiver, the bit sequence, wherein the TBS for the
downlink LBRM is identified based on a downlink maximum modulation order, and wherein the downlink maximum
modulation order is identified as either 8 or 6 based on based on bandwidth part (BWP) configuration in higher layer
signaling.

[0012] In accordance with another aspect of the present disclosure, a terminal in a communication system is provided.
The terminal includes a transceiver; and at least one processor configured to: identify that a downlink limited buffer rate
matching (LBRM) is applied, identify a length of a circular buffer Ncb for receiving information bits from a base station
based on a transport block size (TBS) for the downlink LBRM, receive, from the base station via the transceiver, adownlink
data signal, and obtain information bits associated with the downlink data signal based on the N, wherein the TBS for the
downlink LBRM is identified based on a downlink maximum modulation order, and wherein the downlink maximum
modulation order is identified as either 8 or 6 based on bandwidth part (BWP) configuration in higher layer signaling.

[Advantageous Effects of Invention]

[0013] According to the disclosure, LBRM can be effectively performed by configuring LBRM-related parameters
suitable for uplink data or downlink data.

[0014] Otheraspects, advantages, and salient features of the disclosure will become apparent to those skilled in the art
from the following detailed description, which, taken in conjunction with the annexed drawings, discloses various
embodiments of the disclosure.

[Brief Description of Drawings]

[0015] The above and other aspects, features, and advantages of certain embodiments of the disclosure will be more
apparent from the following description taken in conjunction with the accompanying drawings, in which:

FIG. 1 illustrates a basic structure of a time-frequency domain, which is a radio resource region in which data or a
control channel is transmitted in downlink or uplink of an NR system according to an embodiment of the disclosure;
FIG. 2 illustrates an aspect in which pieces of data for eMBB, URLLC, and mMTC, which are services considered in a
5G or NR system, are allocated in a frequency-time resource, and FIG. 3 illustrates an aspect in which pieces of data
foreMBB, URLLC, and mMTC, which are services considered in a5G or NR system, are allocated in a frequency-time
resource according to an embodiment of the disclosure;

FIG. 4 illustrates a process in which one transport block is divided into a plurality of code blocks and a CRC is added
thereto according to an embodiment;

FIG. 5illustrates a method in which transmission is performed using an outer code according to an embodiment of the
disclosure;
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FIG. 6A is a block diagram illustrating a structure of a communication system in which an outer code is not used
according to an embodiment of the disclosure;

FIG. 6B is ablock diagram illustrating a structure of a communication system in which an outer code is used according
to an embodiment of the disclosure;

FIG. 7Aillustrates a method for generating one or more parity code blocks by applying a second channel code or an
outer code to a plurality of code blocks, which are obtained by dividing one transport block, according to an
embodiment of the disclosure;

FIG. 7B illustrates an operation of transmitting or receiving data between a base station and a terminal according to an
embodiment of the disclosure;

FIG. 8Aillustrates an terminal operation for supporting PUSCH-LBRM according to an embodiment of the disclosure;
FIG. 8B illustrates a terminal operation for supporting PUSCH-LBRM according to an embodiment of the disclosure;
FIG. 9 illustrates a terminal operation for supporting PUSCH-LBRM according to an embodiment of the disclosure;
FIG. 10 illustrates ambiguity of parameter configuration for applying LBRM between a time point at which an RACH
process is completed and a time point at which a UE capability reporting process is completed according to an
embodiment of the disclosure;

FIG. 11 illustrates a terminal operation for supporting PUSCH-LBRM according to an embodiment of the disclosure;
FIG. 12 illustrates a terminal operation for supporting PUSCH-LBRM according to an embodiment of the disclosure;
FIG. 13 illustrates a terminal operation for supporting PUSCH-LBRM according to an embodiment of the disclosure;
FIG. 14 illustrates a terminal operation for supporting PDSCH-LBRM according to an embodiment of the disclosure;
FIG. 15 illustrates a terminal operation for supporting PDSCH-LBRM according to an embodiment of the disclosure;
FIG. 16 illustrates a terminal operation for supporting PDSCH-LBRM according to an embodiment of the disclosure;
FIG. 17 illustrates of a terminal operation for supporting PDSCH-LBRM according to an embodiment of the disclosure;
FIG. 18 illustrates a terminal operation for supporting PDSCH-LBRM according to an embodiment of the disclosure;
FIG. 19A illustrates a process of configuring a parameter for calculating a downlink maximum supported data rate
according to an embodiment of the disclosure;

FIG. 19B illustrates a process of configuring a parameter for calculating a uplink maximum supported data rate
according to an embodiment of the disclosure;

FIG. 20A illustrates a process of configuring a parameter for calculating a downlink maximum supported data rate
according to an embodiment of the disclosure;

FIG. 20B illustrates a process of configuring a parameter for calculating a uplink maximum supported data rate
according to an embodiment of the disclosure;

FIG. 21 is a block diagram of a terminal according to an embodiment of the disclosure; and

FIG. 22 is a block diagram of a base station according to an embodiment of the disclosure.

[0016] Throughout the drawings, like reference numerals will be understood to refer to like parts, components, and
structures.

[Mode for the Invention]

[0017] The following description with reference to the accompanying drawings is provided to assist in a comprehensive
understanding of various embodiments of the disclosure as defined by the claims and their equivalents. Itincludes various
specific details to assist in that understanding, but these are to be regarded as merely exemplary. Accordingly, those of
ordinary skill in the art will recognize that various changes and modifications of the various embodiments described herein
can be made without departing from the scope and spirit of the disclosure. In addition, descriptions of well-known functions
and constructions may be omitted for clarity and conciseness.

[0018] Thetermsandwords used in the following description and claims are not limited to the bibliographical meanings,
but are merely used by the inventor to enable a clear and consistent understanding of the disclosure. Accordingly, it should
be apparent to those skilled in the art that the following description of various embodiments of the disclosure is provided for
illustration purposes only and not for the purpose of limiting the disclosure as defined by the appended claims and their
equivalents.

[0019] Itisto be understood that the singular forms "a," "an," and "the" include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to "a component surface" includes reference to one or more of such
surfaces.

[0020] New radio access technology (NR), which is new 5G communication, is designed in order to allow various
services to be freely multiplexed in time and frequency resources. Accordingly, a waveform/numerology, a reference
signal, and the like may be dynamically or freely allocated according to the needs of a corresponding service. In order to
provide an optimized service to a terminalin wireless communication, optimized data transmission through channel quality
and interference amount measurement is important, and therefore accurate channel state measurement is essential.
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However, unlike 4G communication, in which channel and interference characteristics do not change greatly according to
a frequency resource, in a case of 5G channels, the channel and interference characteristics may change greatly
depending on a service. Accordingly, it is required to support subsets of frequency resource group (FRG), which can
separately measure 4G and 5G channels. On the other hand, in the NR system, types of supported services can be divided
into categories, such as enhanced mobile broadband (eMBB), massive machine type communications (mMTC), ultra-
reliable and low-latency communications (URLLC), and the like. The eMBB may be a service for high-speed transmission
of high-capacity data, the mMMTC may be a service that aims to minimize the power of a terminal and access a plurality of
terminals, and the URLLC may be a service that aims at high reliability and low latency. Different requirements may be
applied depending on the type of service applied to the terminal.

[0021] Recently, with the development of research on a next-generation communication system, various schemes for
scheduling communication with a terminal have been discussed. Accordingly, there is a need for an efficient scheduling
and data transmission/reception scheme considering the characteristics of the next-generation communication system.
[0022] Assuch, aplurality of services may be provided to a userin a communication system, and thus a method capable
of providing respective services within the same time interval according to a feature in order to provide the plurality of
services to a user and an apparatus using the same may be required.

[0023] Hereinafter, embodiments will be described in detail with reference to the accompanying drawings.

[0024] In describing the embodiments, descriptions of technologies which are already known to those skilled in the art
and are not directly related to the disclosure may be omitted. Such an omission of unnecessary descriptions is intended to
prevent obscuring of the main idea of the disclosure and more clearly transfer the main idea.

[0025] For the same reason, in the accompanying drawings, some elements may be exaggerated, omitted, or
illustrated. Further, the size of each element does not entirely reflect the actual size. In the drawings, identical or
corresponding elements are provided with identical reference numerals.

[0026] The advantages and features of the disclosure and ways to achieve them will be apparent by making reference to
embodiments as described below in detail in conjunction with the accompanying drawings. However, the disclosure is not
limited to the following embodiments and may be implemented in various different forms, and the embodiments are
provided to make the disclosure perfect and completely inform those skilled in the art belonging to the disclosure of the
scope of the disclosure and the disclosure is only defined by the scope of the claims. Throughout the specification, the
same or like reference numerals designate the same or like elements.

[0027] It will be understood that each block of the flowchart illustrations, and combinations of blocks in the flowchart
illustrations, can be implemented by computer program instructions. These computer program instructions can be
provided to a processor of a general purpose computer, special purpose computer, or other programmable data
processing apparatus, such that the instructions, which execute via the processor of the computer or other programmable
data processing apparatus, create means for implementing the functions specified in the flowchart block or blocks. These
computer program instructions may also be stored in a computer usable or computer-readable memory that can direct a
computer or other programmable data processing apparatus to function in a particular manner, such that the instructions
stored in the computer usable or computer-readable memory produce an article of manufacture including instruction
means that implement the function specified in the flowchart block or blocks. The computer program instructions may also
be loaded onto a computer or other programmable data processing apparatus to cause a series of operational operations
to be performed on the computer or other programmable data processing apparatus to produce a computer implemented
process such thatthe instructions that are executed on the computer or other programmable apparatus provide operations
for implementing the functions specified in the flowchart block or blocks.

[0028] Eachblock of the flowchartillustrations may representa module, segment, or portion of code, which includes one
or more executable instructions for implementing the specified logical function(s). It should also be noted that in some
alternative implementations, the functions noted in the blocks may occur out of order. For example, two blocks shown in
succession may in fact be executed substantially concurrently or the blocks may sometimes be executed in the reverse
order, depending upon the functionality involved.

[0029] As used herein, the "unit" refers to a software element or a hardware element, such as a Field Programmable
Gate Array (FPGA) or an Application Specific Integrated Circuit (ASIC), which performs a predetermined function.
However, the "unit" does not always have a meaning limited to software or hardware. The "unit" may be constructed either
to be stored in an addressable storage medium or to execute one or more processors. Therefore, the "unit" or "module”
includes, for example, software elements, object-oriented software elements, class elements or task elements, pro-
cesses, functions, properties, procedures, sub-routines, segments of a program code, drivers, firmware, micro-codes,
circuits, data, database, data structures, tables, arrays, and parameters. The elements and functions provided by the "unit"
may be either combined into a smaller number of elements divided into a larger number of elements. Moreover, the
elements and "units" may be implemented to reproduce one or more CPUs within a device or a security multimedia card.
Also, in an embodiment, the "~ unit" may include one or more processors.

[0030] A wireless communication system has developed to be a broadband wireless communication system that
provides a high speed and high quality packet data service, like the communication standards, for example, high speed
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packet access (HSPA), long term evolution (LTE) or evolved universal terrestrial radio access (E-UTRA), and LTE-
advanced (LTE-A) of 3GPP; high rate packet data (HRPD) and ultra-mobile broadband (UMB) of 3GPP2; and 802.16e of
IEEE, beyond the voice-based service provided at the initial stage. Also, communication standard of 5G or new radio (NR)
is being developed into a 5G wireless communication system.

[0031] As arepresentative example of a broadband wireless communication system, an orthogonal frequency division
multiplexing (OFDM) scheme is adopted in downlink (DL) and uplink of an NR system. A cyclic-prefix OFDM (CP-OFDM)
scheme is adopted for the downlink, and two schemes of a discrete Fourier transform spreading OFDM (DFT-S-OFDM)
scheme together with the CP-OFDM scheme are adopted for the uplink. The uplink refers to a radio link through which a
terminal (also referred to as a user equipment (UE) or a mobile station (MS) and may include a cellular phone, a smart
phone, a computer, or a multimedia system capable of performing a communication function) transmits data or a control
signal to a base station (also referred to as a gNode B or BS, and may be a subject that performs resource allocation of the
terminal and may be one of aradio access unit, a base station controller, or a node on a network), and the downlink refers to
aradio link through which a base station transmits data or a control signal to a terminal. In such a multiple access scheme,
time-frequency resources for transmitting data or control information to each user are allocated and operated such that the
time-frequency resources do not overlap each other, that is, orthogonality is established, to enable data or control
information of each user to be distinguishable.

[0032] If decoding fails at the initial transmission, the NR system adopts a hybrid automatic repeat request (HARQ)
scheme of retransmitting corresponding data in a physical layer. If a receiver fails to accurately decode data, the HARQ
scheme allows the receiver to transmit information (negative acknowledgement (NACK)) notifying of decoding failure to a
transmitter so as to allow the transmitter to retransmit the corresponding data in the physical layer. The receiver may
combine data, which is retransmitted by the transmitter, with data, decoding of which has failed previously, to enhance data
reception performance. Also, if the receiver accurately decodes data, the receiver transmits information (acknowl-
edgement (ACK) information) notifying that decoding is successful to the transmitter so as to allow the transmitter to
transmit new data.

[0033] FIG. 1illustrates abasic structure of a time-frequency domain, which is a radio resource region in which dataora
control channel is transmitted in the downlink or the uplink of an NR system according to an embodiment of the disclosure.
[0034] Referring to FIG. 1, a horizontal axis indicates a time domain, and a vertical axis indicates a frequency domain.
The minimum transmission unitin the time domain is an OFDM symbol, and Nsymb number of OFDM symbols 102 may be
collected to configure one slot 106. The length of the subframe may be defined by 1.0 ms, and the radio frame 114 may be
defined by 10 ms. The minimum transmission unit in the frequency domain is a subcarrier, and the bandwidth of an entire

DI Ur

L . . RB EVRB .
system transmission bandwidth may be configured by a total or number of subcarriers 104.

[0035] In the time-frequency domain, the basic unit of resource is a resource element (RE) 112, and the RE may be
expressed by an OFDM symbol index and a subcarrierindex. Aresource block (RB or Physical Resource Block (PRB)) 108
is defined by Ngrg number of consecutive subcarriers 110 in the frequency domain. In general, the minimum transmission
Ngs Nis
unit of data is the unit of RB. In the NR system, in general, N,symb is 14, NRB is 12, and > , and Ngg are
proportional to the bandwidth of a system transmission band. In addition, a data rate may increase in proportion to the
number of RBs scheduled to a terminal.
[0036] In an FDD system in which downlink and uplink are divided by frequency and operated in the NR system, the
downlink transmission bandwidth and the uplink transmission bandwidth may be different from each other. A channel
bandwidth may indicate an RF bandwidth corresponding to a system transmission bandwidth. <Table 1> shows a
correspondence between a system transmission bandwidth and a channel bandwidth defined in an LTE system, the fourth
generation wireless communication, before the NR system. For example, in an LTE system having a channel bandwidth of
10 MHz, a transmission bandwidth may include 50 RBs.

[Table 1]
Channel bandwidth BW,50ne [MHZ] 14 |3 5 10 15 | 20
Transmiss ion bandwidth configuration Ngg | 6 15 25 50 75 100

[0037] The NRsystem may operate atawider channel bandwidth than the channel bandwidth of LTE proposed in <Table
1>

[0038] Forexample,the NR system may have aconfiguration as shown in <Table 2> and <Table 3>. <Table 2> describes
the frequency axis resource configuration of frequency range 1 (FR1), and <Table 3> describes the frequency axis
resource configuration of frequency range 2 (FR2).
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[Table 2]
20 25 30 40 60 80 90 100
igi SMHz | 10MHz | 15MHz | o | MHz | MHz | MHz | ®MPZ | Muz | MHz | MHz | MHz
z
Nrg Nrg Nrs Nrg | Nrg | Nre | Nrs Nrs Nrg | Nrs | Nre | Nrs
15 25 52 79 106 133 160 216 270 N/A N/A N/A N/A
30 1 24 38 51 65 78 106 133 162 217 245 273
60 N/A 11 18 24 31 38 51 65 79 107 121 135
[Table 3]
SCS (kHz) 50MHz 100MHz 200MHz 400 MHz
Nrs Nrs Nrg Nrs
60 66 132 264 N.A
120 32 66 132 264
[0039] The frequency range in the NR system may be divided and defined by FR1 and FR2, as in <Table 4> below.
[Table 4]
Frequency range designation Corresponding frequency range
FR1 450 MHz - 6000 MHz
FR2 24250 MHz - 52600 MHz
[0040] Inthe above tables, the ranges of FR1 and FR2 may be differently applied. For example, the frequency range of

FR1 can be changed from 450 MHz to 7125 MHz, and the range of FR2 can be changed if necessary.

[0041] Inthe NR system, scheduling information for downlink data or uplink data may be transmitted from a base station
to a terminal through downlink control information (DCI). The DCl is defined according to various formats, and each format
may be determined according to whether it is scheduling information (UL grant) for uplink data or scheduling information
(DL grant) for downlink data, whether the DClis a compact DCI having a small amount of control information, whether or not
spatial multiplexing using multiple antennas is applied, and whether or not the DCI is for power control.

[0042] Inacase of physical uplink shared channel (PUSCH) transmission, a time domain resource assignmentincluded
in DCI may be transmitted via information about a slot in which a PUSCH is transmitted, a start symbol position S in the
corresponding slot, and the number L of symbols to which the PUSCH is mapped. S may be a relative position from the start
of a slot, L may be the number of consecutive symbols, and S and L may be determined based on a start and length
indicator value (SLIV) defined as follows.

if (L-1)=7 then

SLIV=14 + (L-1)+S

else

SLIV=14 + (14-L+1)+(14-1-S)
where 0<L<14-S

[0043] Generally, the NR system may receive, through RRC configuration, configuration of a table in which an SLIV
value, a PDSCH, a PUSCH mapping type, and information on a slot in which the PDSCH and PUSCH are transmitted are
included in one row. Subsequently, in the time domain resource assignment of the DCI, by indicating an index value in the
table configured as above, a base station may transmit, to a terminal, the SLIV value, the PDSCH, PUSCH mapping type,
and information on the slot in which the PDSCH and the PUSCH are transmitted.

[0044] Inthe NR system, the PUSCH mapping type is defined by type A and type B. In the PUSCH mapping type A, the
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first symbolamong DMRS symbols is located at the second or the third OFDM symbol in a slot. In the PUSCH mapping type
B, the first symbol among DMRS symbols is located at the first OFDM symbol in a time domain resource assigned via
PUSCH transmission.

[0045] Inthe NR system, the PDSCH mapping type is defined by type A and type B, similar to that of PUSCH. <Table 5>
and <Table 6> indicate a combination of S and L, which are supported for each type of the PDSCH and the PUSCH.

[Table 5]
PDSCH mapping type Normal cyclic prefix Extended cyclic prefix
S L S+L S L S+L
Type A {0,1,2,3} (Note 1) | {3,...,14} | {3,...,14} | {0,1,2,3} (Note 1) | {3,...,12} | {3,...,12}
Type B {0,...,12} {2,4,7} {2, ...,14} {0,...,10} {2,4,6} {2,...,12}
Note 1: S = 3 is applicable only if dmrs-TypeA-Posiition = 3

[Table 6]
Normal cyclic prefix Extended cyclic prefix
PUSCH mapping type
S L S+L S L S+L
Type A 0 {4,...,14} {4,...,14} 0 {4,...,12} {4,...,12}
Type B {o,...,13} {1,...,14} {1,...,14} (0,...,12} {1,...,12} {1....12}

[0046] The DCI may be subjected to a channel coding and modulation process, and may then be transmitted through a
physical downlink control channel (PDCCH) (or "control information”, hereinafter used interchangeably), which is a
downlink physical control channel.

[0047] Generally, the DClis scrambled with a specific radio network temporary identifier (RNTI) (or a terminal identifier),
independently for each terminal, a cyclic redundancy identify (CRC) is added thereto, and channel coding is performed,
whereby each independent PDCCH is configured and transmitted. The PDCCH is mapped and transmitted in a control
resource set (CORESET) configured for a terminal.

[0048] The downlink data may be transmitted through a physical downlink shared channel (PDSCH) serving as a
physical channel for downlink data transmission. The PDSCH may be transmitted after a control channel transmission
interval, and scheduling information, such as a specific mapping position and modulation scheme, in the frequency domain
may be determined based on DCI transmitted through the PDCCH.

[0049] Through an MCS among control information included in the DCI, a base station may notify a terminal of a
modulation scheme applied to a PDSCH to be transmitted, and the size (transport block size (TBS)) of data to be
transmitted. In an embodiment, the MCS may be configured by 5 bits or more or fewer bits. The TBS corresponds to the
size of data (transport block, TB) that the base station desires to transmit, before channel coding for error correction is
applied to the data.

[0050] In the disclosure, a transport block (TB) may include a medium access control (MAC) header, a MAC control
element (CE), one or more MAC service data units (SDUs), and padding bits. According to another embodiment, the TB
may indicate the unit of data, which is dropped from a MAC layer to a physical layer, or a MAC protocol data unit (MAP
PDU).

[0051] The modulation schemes supported by the NR system are quadrature phase shift keying (QPSK), 16 quadrature
amplitude modulation (16 QAM), 64 QAM, and 256 QAM, and modulation orders (Q,,,) of the QPSK, 16 QAM, 64 QAM, and
256 QAM correspond to 2, 4, 6, and 8, respectively. That is, 2 bits per symbol in the case of QPSK modulation, 4 bits per
symbol in the case of 16 QAM modulation, 6 bits per symbol in the case of 64 QAM modulation, and 8 bits per symbol in the
case of 256 QAM modulation may be transmitted.

[0052] FIG.2illustrates an aspectin which pieces of data foreMBB, URLLC, and mMTC, which are services considered
in the 5G or NR system, are allocated in frequency-time resources according to an embodiment of the disclosure. FIG. 3
illustrates an aspect in which pieces of data for eMBB, URLLC, and mMTC, which are services considered in the 5G or NR
system, are allocated in frequency-time resources according to an embodiment of the disclosure.

[0053] Referring to FIGS. 2 and 3, a scheme, in which frequency and time resources are allocated for performing
information transmission in each system, may be identified.

[0054] FIG. 2 illustrates an example in which data for eMBB, URLLC, and mMTC are allocated in the entire system
frequency bandwidth 200. In the middle of allocating eMBB data 210 and mMTC data 250 in a specific frequency
bandwidth and performing transmission thereof, if URLLC data 220, 230, and 240 are generated and transmission of the
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URLLC data 220, 230, and 240 is necessary, a base station or a terminal may transmit the URLLC data 220, 230, and 240
without emptying a portion in which the eMBB data 210 and the mMTC data 250 have been already allocated and without
transmitting the same. Since the URLLC needs to reduce a delay time in the middle of performing the services described
above, the URLLC data 220, 230, and 240 may be allocated to a portion of a resource to which the eMBB data 210 is
allocated, and thus may be transmitted. Of course, in a case where the URLLC data 220, 230, and 240 are additionally
allocated and transmitted in the resource to which the eMBB data 210 is allocated, eMBB data may not be transmitted inan
overlapping frequency-time resource, and thus the transmission performance of the eMBB data may be lowered. In the
above case, eMBB data transmission failure due to URLLC data allocation may occur.

[0055] FIG. 3illustrates an example in which a service and data are transmitted in each of sub-bands 310, 320, and 330,
obtained by dividing the entire system frequency bandwidth 300. Information associated with sub-band configuration may
be predetermined, and the information may be transmitted to a terminal by a base station via higher layer signaling.
According to another example, the information associated with the sub-band may be arbitrarily divided by a base station or
a network node and services may be provided to the terminal without transmitting separate pieces of sub-band
configuration information. In FIG. 3, it is assumed that the sub-band 310 is used for transmission of eMBB data 340,
the sub-band 320 is used for transmission of URLLC data 350, 360, and 370, and the sub-band 330 is used for
transmission of mMMTC data 380.

[0056] Intheillustrated embodiment, the length of a transmission time interval (TTI) used for URLLC data transmission
may be shorter than the length of TTI used for eMBB data or mMTC data transmission. In addition, the response of
information related to the URLLC data may be transmitted faster than that of eMBB data or mMMTC data, and accordingly
information transmission or reception with a low delay may be performed. The structures of physical layer channels used
for transmission of the above described three types of services or data may be different from each other. For example, at
least one of the length of a transmission time interval (TTI), the allocation unit of frequency resources, a structure of a
control channel, and a data mapping method may be different.

[0057] Inordertoexplain a method and apparatus proposed in the disclosure, the terms "physical channel" and "signal”
in the NR system may be used. However, details of the disclosure may be applied to a wireless communication system
other than the NR system.

[0058] FIG. 4 illustrates an embodimentin which one transport block is divided into a plurality of code blocks and a CRC
is added thereto according to an embodiment of the disclosure.

[0059] Referringto FIG. 4,a CRC 403 may be added to the last part or the first part of one transport block (TB) 401 to be
transmitted in an uplink or a downlink. The CRC 403 may have 16 bits, 24 bits, or a fixed number of bits, or may have a
variable number of bits depending on channel conditions, and may be used to determine whether channel coding is
successful. The TB 401 and a block to which CRC 403 is added may be divided into a plurality of code blocks (CBs) 407,
409, 411, and 413 (indicated by reference numeral 405). The divided code blocks may have a predetermined maximum
size, and in this case, the last code block 413 may be smaller in size than those of other code blocks 407,409, and 411. This
is only given as an example, and according to another example, the last code block 413 may have a length adjusted to be
the same as that of the other code blocks 407, 409, and 411 by adding zeros, random values, or ones into the last code
block 413. CRCs 417,419, 421, and 423 may be added to the code blocks 407, 409, 411, and 413, respectively (indicated
by reference numeral 415). The CRC may have 16 bits, 24 bits, or a fixed number of bits, and may be used to determine
whether channel coding is successful.

[0060] The TB 401 and cyclic generator polynomial may be used in order to generate the CRC 403, and the cyclic
generator polynomial may be defined in various methods. For example, if it is assumed that cyclic generator polynomial
gCRC24A (D)=D24+D23+ D18+ D17+ D14+ D" + D10+ D7 + D6 + D5+ D4+ D3 + D + 1 for a 24-bit CRC, and L = 24, with
respectto TBdataay, a4y, a,, @y, ...,a4.1, CRC py, P4, P2, P3, -...P; .1, may be a value in which the remainder becomes zero by
dividing agDA*23+a,DA*32+ . +a,  D24+p,D23+p,D22+...+p,,P1+p,5 by gCRC24A (D), and may determine pg, p4, Py,
P3, -.-P;.1- Inthe above example, the CRC length "L" is assumed to be 24 as an example, but the CRC length "L" may be
determined to have different lengths, such as 12, 16, 24, 32, 40, 48, 64, and the like.

[0061] Through this process, the CRC is added to the TB, and the TB having CRC added thereto may be divided into N
CBs 407, 409, 411, and 413. CRCs 417, 419, 421, and 423 may be added to each of the divided CBs 407, 409, 411, 413
(indicated by reference numeral 415). The CRC added to the CB may have a different length than the CRC added to the TB
or may use a different cyclic generator polynomial. In addition, the CRC 403 added to the TB and the CRCs 417,419, 421,
and 423 added to the code block may be omitted depending on the type of a channel code to be applied to the code block.
Forexample, if LDPC codes otherthan turbo codes are applied to code blocks, CRCs 417,419,421,and 423 to be inserted
for each code block may be omitted.

[0062] However, evenifthe LDPCisapplied,the CRCs417,419,421,and 423 may be added to the code block asitis. In
addition, CRC may be added or omitted even if a polar code is used.

[0063] As described above in FIG. 4, the maximum length of one code block is determined according to the type of
channel coding applied to a TB to be transmitted, and the TB and CRC, which is added to the TB, are divided into code
blocks according to the maximum length of the code block.
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[0064] In the conventional LTE system, CRC for CB is added to the divided CB, data bits and the CRC of the CB are
encoded with a channel code, and thus coded bits are determined and a number of bits, which perform predetermined rate
matching to each of coded bits, may be determined

[0065] FIG.5illustrates a method in which transmission is performed using an outer code according to an embodiment.
FIG. 6Ais a block diagram illustrating a structure of a communication system in which an outer code is not used according
to an embodiment of the disclosure, and FIG. 6B is a block diagram illustrating a structure of a communication system in
which an outer code is used according to an embodiment. Referring to FIGS. 5, 6A, and 6B, a method for transmitting a
signal using an outer code may be described.

[0066] Referring to FIG. 5, one transport block is divided into a plurality of code blocks, and bits or symbols 510 at the
same position in each code block are encoded with a second channel code to generate parity bits or symbols 520
(indicated by reference numeral 500). Thereafter, the CRCs may be added to the code blocks and the parity code blocks
generated by the second channel code encoding, respectively (indicated by reference numerals 530 and 540).

[0067] Whether or not to add the CRC may be determined depending on the type of channel codes. For example, if a
turbo code is used as a first channel code, the CRCs 530 and 540 are added. Thereafter, however, the respective code
blocks and parity code blocks may be encoded with the first channel code encoding. In the disclosure, a convolutional
code, an LDPC code, a turbo code, a polar code, and the like may be used as the first channel code. However, this is merely
an example, and various channel codes, as the first channel code, may be applied to the disclosure. In the disclosure, as
the channel code used for a second channel code, for example, a Reed-Solomon code, a BCH code, a Raptor code, a
parity bit generation code, or the like may be used. However, this is just an example, and various channel codes may be
applied to the disclosure as the second channel code.

[0068] Referring to reference numeral 600 of FIG. 6A, if the outer code is not used, the first channel coding encoder 610
and the first channel coding decoder 620 are each used in a transceiver, and a second channel coding encoder and a
second channel coding decoder may not be used. Even if the outer code is not used, the first channel coding encoder 610
and the first channel coding decoder 620 may be configured in the same manner as the case in which an outer code to be
described later is used.

[0069] Referringtoreference numeral 650 of FIG. 6B, if the outer code is used, data to be transmitted may pass through a
second channel coding encoder 655. Bits or symbols passing through the second channel coding encoder 655 may pass
through afirst channel coding encoder 660. If the channel coded symbols pass through a channel 665 and are received by
areceiver, the receiver may sequentially operate afirst channel coding decoder 670 and a second channel coding decoder
675 based on the received signal. The first channel coding decoder 670 and the second channel coding decoder 675 may
perform operations corresponding to the first channel coding encoder 655 and the second channel coding encoder 660,
respectively.

[0070] FIG. 7Aillustrates an example of generating one or more parity code blocks by applying a second channel code or
an outer code to a plurality of code blocks, which are obtained by dividing one transport block, according to an embodiment
of the disclosure.

[0071] AsdescribedaboveinFIG.4,one transportblock 702 and CRC 704 for a TB may be divided into one or more code
blocks 708, 710, 712, and 714 (indicated by reference numeral 706). In this case, if only one code block is generated
according to the size of a transport block, a CRC may not be added to the corresponding code block. If an outer code is
applied to code blocks 716, 718, 720, and 722 to be transmitted, parity code blocks 740 and 742 may be generated
(indicated by reference numeral 724). If the outer code is used, parity code blocks 740 and 742 may be located after the last
code block (indicated by reference numeral 724). After the outer code, CRCs 726, 728, 730, 732, 734 and 736 may be
added (indicated by reference numeral 738). Thereafter, the respective code blocks and parity code blocks may be
encoded with a channel code together with the CRC.

[0072] FIG. 7Billustrates an operation of transmitting or receiving data between a base station and a terminal according
to an embodiment of the disclosure.

[0073] According to FIG. 7B, a base station 750 transmits a UE capability enquiry message to a terminal 755, and the
terminal 755 reports UE capability information to the base station 750 via higher layer signaling (or RRC signaling). The UE
capability information may include information indicating a function that can be supported by the terminal, and may include,
for example, a maximum value of a layer, which can be supported at the time of transmission ofa PUSCH and/ora PDSCH.
In addition, the base station 750 may identify the UE capability information from an access and mobility management
function (AMF).

[0074] The base station 750 may transmit configuration information for data transmission to the terminal 755 via higher
layer signaling. Such configuration information may be transmitted to the terminal 755 through a plurality of system
information blocks (SIBs) and/or RRC messages. The configuration information may include information as follows.

- PDCCH configuration information, such as PDCCH-Config and PDCCH-ConfigCommon: PDCCH configuration

information for scheduling transmission of uplink data or downlink data includes information for configuring a control
resource set (CORESET) for transmission of downlink control information (DCI) for scheduling data and for
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configuring a search space.

- PDSCH configuration information, such as PDSCH-Config, PDSCH-ConfigCommon, and PDSCH-TimeDomainRe-
sourceAllocationList: Configuration information for a PDSCH through which downlink data is transmitted includes: a
PDCSH resource allocation type for a DMRS configuration for transmission of a PDSCH and a PUSCH resource
allocation type for frequency domain resource allocation; transmission configuration indication (TCI) configuration
indicating beam-related information applied to the PDSCH; PDSCH time domain resource allocation information for
time domain resource allocation, which is included in downlink control information for time domain resource allocation;
an aggregation factor applied to PDSCH transmission; rate matching information applied to the PDSCH; the
maximum number of MIMO layers used; and code block group transfer configuration information.

- PUCCH configuration information, such as PUCCH-Config and PUCCH-ConfigCommon: Configuration information
for a PUCCH, through which reception acknowledgment information (HARQ-ACK) for downlink data transmitted
through a PDSCH is transmitted, includes a beam-related configuration (PUCCH-SpatialRelationinfo) PUCCH
resource set configuration applied to a PUCCH, a PUCCH resource configuration, and a configuration for each
PUCCH format.

- PUSCH configuration information, such as PUSCH-Config and PUSCH-ConfigCommon: Configuration information
fora PUSCH through which uplink data is transmitted includes: a DMRS configuration for transmission of PUSCH and
aPUSCH resource allocation type for frequency domain resource allocation; PDSCH time domain resource allocation
information for time domain resource allocation, which is included in downlink control information for time domain
resource allocation; frequency hopping information; an aggregation factor applied to PUSCH transmission; MCS
table information applied to PUSCH; PUSCH power control information; transform precoder configuration; the
maximum number of MIMO layers used; code block group transmission configuration information; and the like.

[0075] Operations 760 and 765 may be omitted or the order of operations 760 and 765 may be changed and performed.
[0076] The base station 750 transmits downlink control information (DCI) for scheduling uplink data or downlink data to
the terminal 755 viaa PDCCH (indicated by reference numeral 770). The terminal 755 receives DCI, which is scheduled to
the terminal itself through blind decoding, in a search space identified based on the configuration information for data
transmission. The terminal 755 identifies whether CRC attached to a DCI payload, received in the search space, is
scrambled with a cell-radio network temporary identifier (C-RNTI) corresponding to the identifier of the terminal. As aresult
of the identification of CRC, if it is identified that the CRC is scrambled with C-RNTI of the terminal itself, it can be seen that
the corresponding DCI has been transmitted to the terminal itself. The C-RNTI may be replaced with RNTI for other
purposes, for example, random access RNTI (RA-RNTI) scheduling for a random access response message, paging
RNTI (P-RNTI) for PDSCH scheduling for a paging message, system information RNTI (SI-RNTI) for scheduling PDSCH
for system information, and the like.

[0077] The DClmay be one of: 0_0, whichis a fallback DCI format for schedulinga PUSCH; 0_1, which is a non-fallback
DCI format for scheduling the PUSCH; 1_0, which is a fallback DCI format for scheduling a PDSCH; and 1_1, whichis a
non-fallback DCI format for scheduling the PDSCH. Information included in DCI format 1_1, as an example of the DCI
format, is described as follows.

- Carrier indicator: Carrier indicator indicates a carrier at which data scheduled by DCI is transmitted; 0 or 3 bits

- Identifier for DCI formats: DCI format identifier indicates a DCI format, and is an indicator specifically distinguishing
whether the corresponding DCI is for downlink or uplink; [1 bit]

- Bandwidth part indicator: BWP indicator indicates if there is a change in the bandwidth part; 0, 1, or 2 bits

- Frequency domain resource assignment: Resource assignment information indicating frequency domain resource
assignment, and an expressed resource differs according to whether the resource assignment type is "0" or "1".

- Time domain resource assignment: Resource assignment information indicating time domain resource assignment
may indicate higher layer signaling or one configuration of a predetermined PDSCH time domain resource allocation
list; 1, 2, 3, or 4 bits

- VRB-to-PRB mapping: VRB-to-PRB mapping indicates a mapping relationship between a virtual resource block
(VRB) and a physical resource block (PRB); 0 or 1 bit

- PRB bundling size indicator: PRB bundling size indicator indicates the bundling size of a physical resource block to
which the same precoding is assumed to be applied; 0 or 1 bit

- Ratematchingindicator: Rate matchingindicatorindicates a rate match group to be applied, among rate match groups
configured as a higher layer applied to PDSCH; 0, 1, or 2 bits

- ZP CSI-RS trigger: ZP CSI-RS trigger triggers a zero power channel state information reference signal; 0, 1, or 2 bits

- Transport block (TB)-related configuration information: TB-related configuration information indicates a modulation
and coding scheme (MCS), a new data indicator (NDI), and a redundancy version (RV) for one or two TBs.

- Modulation and coding scheme (MCS): MCS indicates a modulation scheme and a coding rate used for data
transmission. That is, MCS indicates a coding rate value capable of notifying of TBS and channel coding information
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together with information on whether QPSK, 16QAM, 64QAM, or 256QAM.

- Newdataindicator: New data indicator indicates whether HARQ transmission is initial transmission or retransmission.

- Redundancy version: Redundancy version indicates the redundancy version of HARQ.

- HARQ process number: HARQ process number indicates HARQ process number applied to PDSCH; 4 bits

- Downlink assignment index: An index for generating a dynamic HARQ-ACK codebook at the time of reporting HARQ-
ACK for PDSCH; 0 or 2 or 4 bits

- TPC command for scheduled PUCCH: power control information applied to PUCCH for HARQ-ACK reporting on
PDSCH; 2 bits

- PUCCH resource indicator: Information indicating a resource of a PUCCH for HARQ-ACK reporting on a PDSCH;
3bits

- PDSCH-to-HARQ_feedback timing indicator: Configuration information of a slot through which PUCCH for HARQ-
ACK reporting on PDSCH is transmitted; 3bits

- Antenna ports: Information indicating an antenna port of PDSCH DMRS and DMRS CDM group in which PDSCH is
not transmitted; 4, 5 or 6 bits

- Transmission configuration indication: Information indicating beam related information of PDSCH; 0 or 3 bits

- SRS request: Information for requesting SRS transmission; 2 bits

- CBG transmission information: If code block group-based retransmission is configured, information indicating data,
which belongs to a code block group (CBG), is transmitted through PDSCH,; 0, 2, 4, 6, or 8 bits

- CBGflushing outinformation: Information indicating whether a code block group previously received by a terminal can
be used for HARQ combining; 0 or 1 bit

- DMRS sequence initialization: DMRS sequence initialization indicates DMRS sequence initialization parameters; 1
bit

[0078] Asanexample,informationincludedin DClformat1_1hasbeen described, but the above-described information
may be used in another DCI format for scheduling data.

[0079] Thereafter, ifthe base station 750 transmits DCI for scheduling downlink data to the terminal 755, the base station
750 receives a transport block (TB) from a MAC layer, performs channel coding thereof in a physical layer, and generates
downlink data to be transmitted to the terminal. The base station adds a TB CRC to the TB, if necessary, divides the TB
added with the TB CRC into code blocks (CBs), adds CB CRCs to the CBs, and applies LDCP coding to the CBs so as to
encode data. Thereafter, rate matching and CB concatenation may be applied to the encoded data. The size of TB may be
calculated as described in the disclosure. If the base station transmits DCI for scheduling uplink data, the above-described
operation of the base station may be performed by the terminal in order to generate uplink data.

[0080] The downlink data or the uplink data generated as described above is transmitted through a resource, which is
determined according to time-frequency domain resource allocation information included in the DCI on the PDSCH or the
PUSCH (indicated by reference numeral 780). In addition, the downlink data or the uplink data is transmitted together with
DMRS configured via higher layer signaling and DCI.

[0081] If the downlink data is received, the terminal 755 transmits HARQ-ACK information indicating whether the
downlink data is successfully transmitted, through the PUCCH or the PUSCH (indicated by reference numeral 785). If the
HARQ-ACK information is transmitted through the PUCCH, the HARQ-ACK information may be transmitted to the base
station 750 through a PUCCH resource and a slot indicated by the DCI. Alternatively, the HARQ-ACK information may be
transmitted through the PUSCH.

[0082] The size of TB in the NR system may be calculated through the following operations.

[0083] Operation 1: Calculate N'gg, the number of REs assigned to PDSCH mapping in one PRB in the allocated
resource.

RB 7 PRB PRB RE ”
v -N N
[0084] N're may be calculated by ~ symb™ Y DMRS™ Yol e 5 s 12, and Nj}’mb may
PRB
DAMRS
represent the number of OFDM symbols allocated to the PDSCH. is the number of REs in one PRB occupied
NPRB

by DMRSs of the same code division multiplexing (CDM) group. of  isthe number of REs occupied by the overhead
in one PRB, which is configured via higher signaling, and may be configured to 0, 6, 12, or 18. Thereafter, N, the total
number of REs, allocated to the PDSCH may be calculated. Ngg is calculated by min(156, N’gg) - nprg, and nprg denotes
the number of PRBs allocated to the terminal.

[0085] Operation 2: The number of temporary information bits, N;s,, may be calculated by No- R- Q- v. Here, Ris a
code rate, Q,, is a modulation order, and information of this value may be transferred using MCS bitfield and a table pre-
defined in the control information. Also, v is the number of assigned layers. If N; <3824, TBS may be calculated through
operation 3 below. Otherwise, TBS may be calculated through operation 4.
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may be calculated by the equation of

n=max(3. | log,(N,,) | -6)

N~ max(24, 2" - | i 1)

N info

and

. TBS may be determined as a value, which is the closest to N’;;, among
values equal to or larger than N’, ¢, in <Table 7> below.

[Table 7]
Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472
20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496
[0087] Operation 4: N’info may be calculated by the equation of
N, = max(3840 ZHXround(w)) 1
> n 0g5(N,p-24) | -5

and

13

. TBS can be deter-
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mined through a value of N’. . and the following [pseudo-code 1]. Here, 'C’ may denote the number of code blocks.

info

[Start Pseudo-code 1]

if R<1/4
N. 24 N, 24
TBS =8+ | info ¥ 27 —24 where C= HNinfo 24
8§xC 3816
else
if Ny, >8424
N, 24 Ni¢ +24
TBS =8 % (| info ¥ 27 —24 where C= HNVinfo + 2%
8*xC 8424
else
TBS =8 * w -4
end if
end if

[End Pseudo-code 1]

[0088] Inthe NRsystem,ifone CBisinputtoanLDPC encoder, parity bits may be added to the CB and the CB added with
the parity bits may be output. The amount of parity bits may differ according to an LDPC base graph. A method of
transmitting all parity bits, generated by LDPC coding for a specific input, may be called full buffer rate matching (FBRM),
and a method of limiting the number of parity bits that can be transmitted may be called limited buffer rate matching (LBRM).
[0089] Ifresources are allocated for data transmission, the output of the LDPC encoder is made into a circular buffer, and
bits of the buffer are repeatedly transmitted as many times as the allocated resources, and the length of the circular buffer
may be called N, If the number of bits of all LDPC codewords, generated by LDPC coding is N, N, is equal to N in the
FBRM method. The LDPC codeword bits may include some of information word bits for applying LDPC coding.

[0090] In the LBRM method, N, denotes min(N, N,), N, is given by C* Ripans , and R gry May be
determined to be 2/3. In a method for obtaining the TBS described above, TBS| gg),; is identified based on the assumption
comprising the maximum number of layers supported by a terminal in the corresponding cell, the maximum modulation
order configured for the terminal in the cell (if there is no configured maximum modulation order, the maximum modulation
order is assumed to be 64QAM), and the code rate is assumed to be 948/1024, which is the maximum code rate. Ngg is
assumed to be 156 - npgrg, and npgg May be assumed to be Nprg | gry, Wherein Nprg | gry May be given as shown in
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<Table 8> below.

[Table 8]
Maximum number of PRBs across all configured BWPs of a carrier NpRB.LBRM
Less than 33 32
33 to 66 66
67 to 107 107
108 to 135 135
136 to 162 162
163 to 217 217
Larger than 217 273

[0091] The maximum data rate supported by a terminal in the NR system may be determined through <Equation 1>
below.

[Equation 1]

J ) . ) NBW(J')s# 12 .
data rate (in Mbps) =10 ° Z vagm 'Q,Sf) 0 "R 'L'(l—OH(J))
J=1 s
(€3]
[0092] In<Equation 1>, J may denote the number of carriers bound by carrier aggregation, R, = 948/1024, Y Layers
)

may denote the maximum number of layers, Qm may denote a maximum modulation order, fi) may denote a scaling
index, and . may denote a subcarrier spacing. The terminal may report one of 1, 0.8, 0.75, and 0.4 values of fi), and . may
be given as shown in <Table 9> below.

[Table 9]

w | Af=2#-15[kHz] Cyclic prefix

0 15 Normal

1 30 Normal

2 60 Normal, Extended

3 120 Normal

4 240 Normal

-3
10

gt H B
15 is the average OFDM symbol length, s may be calculated to be 14 -2 , and

[0093] Further,

W
NﬁRB is the maximum number of RBs in BW (j). OH() is an overhead value, and OH() may be given as 0.14 in the
downlink and given as 0.18 in the uplink of FR1 (a band equal to or less than 6 GHz), and may be given as 0.08 in the
downlink and given as 0.10 in the uplink of FR2 (a band exceeding 6 GHz). Through <Equation 1>, the maximum data rate
in the downlink in a cell having a 100 MHz frequency bandwidth at a 30 kHz subcarrier spacing may be calculated by the
following <Table 10>.
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[Table 10]
) Rmax N g?;(j b OHW data rate
1 4 8 0.92578125 273 3.57143E-05 0.14 2337.0
0.8 4 8 0.92578125 273 3.57143E-05 0.14 1869.6
0.75 4 8 0.92578125 273 3.57143E-05 0.14 1752.8
0.4 4 8 0.92578125 273 3.57143E-05 0.14 934.8

[0094] On the other hand, an actual data rate that the terminal can measure in the actual data transmission may be a
value obtained by dividing the data amount by a data transmission time. This may be a value obtained by dividing TBS by
the TTI length in 1 TB transmission or dividing the sum of TBSs by the TTl length in 2 TB transmission. For example, as
shownin <Table 10>, the maximum actual data rate in downlink in a cell having a 100 MHz frequency bandwidth ata 30 kHz
subcarrier spacing may be determined as shown in <Table 11> below according to the number of allocated PDSCH
symbols.

[Table 11]
Nge Ninto n C TBS TTl length (ms) | data rate (Mbps)
3 | 8| 28 | 7644 | 2264535 | 12 | 225,280 27 225,480 0.107143 2,104.48
4 | 8| 40 | 10920 | 323505.0 | 13 | 319.488 38 319,784 0.142857 2,238.49
5 [ 8| 52 | 14196 | 420556.5 | 13 | 417,792 50 417,976 0.178571 2,340.67
6 | 8| 64 | 17472 | 517608.0 | 13 | 516,096 62 516,312 0.214286 2,409.46
7 | 8| 76 | 20748 | 614659.5 | 14 | 622,592 74 622,760 0.250000 2,491.04
8 [ 8| 88 | 24024 | 711711.0 | 14 | 704,512 84 704,904 0.285714 2,467.16
9 [ 8| 100 | 27300 | 808762.5 | 14 | 802,816 96 803,304 0.321429 2,499.17
10 | 8 | 112 | 30576 | 905814.0 | 14 | 901,120 | 107 | 901,344 0.357143 2,523.76
11 | 8 | 124 | 33852 | 1002865.5 | 14 | 999,424 | 119 | 999,576 0.392857 2,544.38
12 | 8 | 136 | 37128 | 1099917.0 | 15 | 1,114,112 | 133 | 1,115,048 0.428571 2,601.78
13 | 8 | 148 | 40404 | 1196968.5 | 15 | 1,212,416 | 144 | 1,213,032 0.464286 2,612.68
14 | 8 | 160 | 43680 | 1294020.0 | 15 | 1,277,952 | 152 | 1,277,992 0.500000 2,555.98

[0095] The maximum data rate supported by the terminal may be identified through <Table 10>, and the actual datarate
according to the allocated TBS may be identified through <Table 11>. At this time, the actual data rate may be larger than
the maximum data rate depending on scheduling information.

[0096] Inawireless communication system, in particular, a new radio (NR) system, data rates that a terminal can support
may be promised between a base station and a terminal. The data rate may be calculated using the maximum frequency
band, the maximum modulation order, the maximum number of layers, which are supported by the terminal. However, the
calculated data rate may be different from a value calculated according to a transport block size (TBS) and a transmission
time interval (TTI) length of a transport block (TB) used for actual data transmission.

[0097] Accordingly, a case, in which a terminal is allocated with a TBS larger than a value corresponding to a data rate
supported by the terminal itself, may occur. It may be necessary to minimize the case and define an operation of the
terminal in the case. In addition, in a communication system defined in the current NR, TBS, gg),; is determined based on
the rank or the number of layers supported by the UE in a case where LBRM is applied. Since the process of determining
TBS, grum is inefficient or the parameter configuration is ambiguous, it is difficult to stably apply LBRM in a base station or a
terminal. The following embodiments provide a method and apparatus for solving the problem.

[0098] Hereinafter, embodiments will be described in detail with reference to the accompanying drawings. In the
following description of the disclosure, a detailed description of known functions or configurations incorporated herein will
be omitted if it may make the subject matter of the disclosure rather unclear. The terms which will be described below are
terms defined in consideration of the functions in the disclosure, and may be different according to users, intentions of the
users, or customs. Therefore, the definitions of the terms should be made based on the contents throughout the
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specification. In addition, hereinafter, an embodiment is described using the NR system as an example, but the
embodiment may be applied to other communication systems having a similar technical background or channel form.
In addition, embodiments may be applied to other communication systems through some modifications without departing
from the scope of the disclosure as determined by those skilled in the art.

[0099] Inthedisclosure, terms of a "physical channel" and a "signal" may be used interchangeably with data or a control
signal. For example, the PDSCH is a physical channel through which data is transmitted, but in the disclosure, the PDSCH
may be referred to as data.

[0100] Hereinafter, in the disclosure, higher signaling is a signal transmission method, which is performed by a base
station to transmit a signal to a terminal by using a downlink data channel of a physical layer or performed by the terminal to
transmit a signal to the base station by using an uplink data channel of the physical layer, and may be referred to as RRC
signaling or a MAC control element (CE).

[0101] In the disclosure, a peak data rate, a max data rate, a maximum data rate, and the like may be used
interchangeably.

First Embodiment

[0102] The firstembodiment relates to a method and apparatus for applying an efficient uplink LBRM (UL-SCH LBRM or
PUSCH LBRM) in performing data transmission.

[0103] Inthe firstembodiment and subsequent embodiments, maxMIMO-Layers, which is a parameter of the PDSCH-
ServingCellConfig may be a parameter configured for a terminal by a base station. In the first embodiment and the
subsequent embodiments, maxNumberMIMO-LayersPDSCH may be a parameter indicating UE capability, may be a
parameter which is transmitted as a report to the base station by the terminal, or may be a capability value of a
corresponding terminal having been already stored in a communication system network. Therefore, in the first embodi-
ment and the subsequent embodiments, the meaning that the maxNumberMIMO-LayersPDSCH has been configured
may be understood as the maxNumberMIMO-LayersPDSCH having been reported from the terminal to the base station or
the base station may identify (or acquire) the maxNumberMIMO-LayersPDSCH parameter of the corresponding terminal,
which has been already stored.

[0104] Inthefirstembodimentand subsequentembodiments, maxMIMO-Layers, which is the parameter ofthe PUSCH-
ServingCellConfig, and maxRank of the pusch-Config may be parameters configured for the terminal by the base station.
In the first embodiment and subsequent embodiments, maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-
LayersNonCB-PUSCH may be parameters indicating the UE capability, may be a parameter transmitted as a report to the
base station by the terminal, or may be a capability value of a corresponding terminal, which has been already stored in a
communication system network. Therefore, in the first embodiment and the subsequent embodiments, performance of
configuration of maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH may be understood
as maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH being reported from the terminal
to the base station, or the base station may identify (acquire) the maxNumberMIMO-LayersCB-PUSCH or maxNum-
berMIMO-LayersNonCB-PUSCH parameter of the corresponding terminal, which has been already stored.

[0105] Currently, if it is determined to apply PUSCH-LBRM between the base station and the terminal, TBS, gg), is
determined based on the following configuration.

[Configuration for rate matching in consideration of PUSCH-LBRM]

[0106] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows.

[0107] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PUSCH-ServingCell-
Config is configured, X is determined to be a value of the parameter maxMIMO-Layers.

[0108] Configuration 2: If the maxMIMO-Layers is not configured and the parameter maxRank included in higher layer
signaling pusch-Config is configured, the maximum value among maxRank values defined over all BWPs of the serving
cell is determined to be a value of X.

[0109] Configuration 3: In a case of not corresponding to configuration 1 and configuration 2, the maximum number of
layers for the PUSCH supported by the UE in a serving cell is determined to be X.

[0110] The above configuration 1, configuration 2, and configuration 3 may be expressed as follows.

- Ifthe higher layer parameter maxMIMO-Layers of PUSCH-Serving CellConfig of the serving cell is configured, X is
given by that parameter

- Elseif the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the
maximum value of maxRank across all BWPs of the serving cell

- Otherwise, X is given by the maximum number of layers for PUSCH supported by the UE for the serving cell
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[0111] The operation of a UE for the above configuration for PUSCH-LBRM will be described based on FIGS. 8A and 8B.
[0112] FIG. 8Aillustrates a UE operation for supporting PUSCH-LBRM according to an embodiment of the disclosure.
[0113] Referringto FIG. 8A, ifthe UE receives an instruction for PUSCH-LBRM (indicated by reference numeral 810), at
leastone processoridentifies whether the parameter maxMIMO-Layer is configured (indicated by reference numeral 820).
If the parameter maxMIMO-Layer has been configured, the UE may determine a maxMIMO-Layer value to be X (indicated
by reference numeral 830), and may terminate a process of determining the maximum number of layers for PUSCH-LBRM
(indicated by reference numeral 870). In operation 820, if it is determined that the parameter maxMIMO-Layers is not
configured, thenin operation 840, itis identified whether maxRank is configured. If the maxRank is configured, the UE may
determine the maximum value of maxRank for all BWPs of a serving cell to be X (indicated by reference numeral 850), and
may terminate the process of determining the maximum number of layers for PUSCH-LBRM (indicated by reference
numeral 870). In operation 840, if it is determined that the parameter maxRank is not configured, then the UE may
determine the maximum number of layers for the PUSCH supported by the UE in the serving cell to be X (indicated by
reference numeral 860), and the UE may terminate the process of determining the maximum number of layers for PUSCH-
LBRM (indicated by reference numeral 870).

[0114] FIG. 8B illustrates an example of an operation method for supporting PUSCH-LBRM of a UE that does not
perform operations 820 and 830 of FIG. 8A according to an embodiment of the disclosure.

[0115] Referring to FIG. 8A, the illustrated embodiment may be applied to a case where the value for the parameter
maxMIMO-Layers included in the PUSCH-ServingCellConfig, configured in the base station is equal to the maxRank
value included in the pusch-Config.

[0116] In the above condition, if the UE receives the instruction for the PUSCH-LBRM (indicated by reference numeral
880), first, the at least one processor identifies whether the maxRank is configured (indicated by reference numeral 882). If
the maxRank is configured, the UE may determine the maximum value of maxRank for all BWPs of a serving cell to be X
(indicated by reference numeral 884), and may terminate the process of determining the maximum number of layers for
PUSCH-LBRM (indicated by reference numeral 890). In operation 882, if it is determined that the parameter maxRank is
not configured, then the UE may determine the maximum number of layers for the PUSCH supported by the UE in the
serving cell to be X (indicated by reference numeral 886), and the UE may terminate the process of determining the
maximum number of layers for PUSCH-LBRM (indicated by reference numeral 890). As a result, it can be seen that a
simpler PUSCH-LBRM operation as shown in FIG. 8B is possible.

[0117] To sum up the rate matching processes in consideration of the PUSCH-LBRM described above, a modified
configuration may be applied as follows.

[Modified configuration A-1 for rate matching in consideration of PUSCH-LBRM]

[0118] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows.

[0119] Configuration 1: If the parameter maxRank included in higher layer signaling pusch-Config is configured, the
maximum value among the maxRank values defined for all BWPs of the serving cell is determined to be a value of X.
[0120] Configuration 2: In a case of not corresponding to configuration 1, the maximum number of layers for the PUSCH
supported by the UE in the serving cell is determined to be X.

[0121] The above configuration 1 and configuration 2 may be expressed as follows.

- Ifthe higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the maximum
value of maxRank across all BWPs of the serving cell
- Otherwise, X is given by the maximum number of layers for PUSCH supported by the UE for the serving cell

[0122] In the rate matching methods considering LBRM proposed in the disclosure, decoding is possible if both a base
station and a terminal or both a transmitter and a receiver maintain the same configuration or the promised configuration,

and various combinations of the configurations mentioned in the disclosure are possible.

Second Embodiment

[0123] A second embodiment relates to a method and apparatus for applying an efficient uplink LBRM (UL-SCH LBRM
or PUSCH LBRM) in performing data transmission.

[0124] In [Configuration for rate matching in consideration of PUSCH-LBRM)] of the first embodiment, operation
860 or operation 886 of FIGS. 8A and 8B corresponding to configuration 3 includes a process of determining the maximum
number of layers for a PUSCH supported by a UE in a serving cell to be X. However, definition of the maximum number of
layers is somewhat ambiguous, so that a clearer definition therefor is needed.

[0125] For example, in determining the maximum number of layers, if a parameter maxNumberMIMO-LayersCB-
PUSCH or a parameter maxNumberMIMO-LayersNonCB-PUSCH is configured via higher layer signaling, the maximum
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number of layers may be determined based on at least one of the parameters. As an embodiment, if only maxNumber-
MIMO-LayersCB-PUSCH is configured, the maxNumberMIMO-LayersCB-PUSCH value is determined to be the max-
imum number of layers, and if only maxNumberMIMO-LayersNonCB-PUSCH is configured, the maxNumberMIMO-
LayersNonCB-PUSCH value is determined to be the maximum number of layers. If both are configured, the maximum
value or the minimum value of the two parameters may be determined to be X, which is the maximum number of layers.
[0126] Insummary, an embodiment of a modified configuration for rate matching in consideration of PUSCH-LBRM may
be described as follows.

[Modified Configuration A-2 for rate matching in consideration of PUSCH-LBRM]
[0127] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows:

Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PUSCH-ServingCellConfig
is configured, X is determined to be a value of the parameter maxMIMO-Layers.

Configuration 2: If the maxMIMO-Layers is not configured and the parameter maxRank included in higher layer
signaling pusch-Config is configured, the maximum value among the maxRank values defined for all BWPs of the
serving cell is determined to be a value of X.

Configuration 3: If the maxMIMO-Layers and the maxRank are not configured and parameter maxNumberMIMO-
LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH is given (or configured), the maximum value among
the parameters maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH is determined
to be a value of X.

[0128] Inthe second embodimentand subsequent embodiments, the higher layer parameters corresponding to the UE
capability may be given, may be provided, may be configured, or may be reported and may be used interchangeably in the
second embodiment and subsequent embodiments.

[0129] The above configuration 1, configuration 2, and configuration 3 may be expressed as follows.

- Ifthe higher layer parameter maxMIMO-Layers of PUSCH-Serving CellConfig of the serving cell is configured, X is
given by that parameter

- Elseif the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the
maximum value of maxRank across all BWPs of the serving cell

[0130] Otherwise, X is given by the maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and
maxNumberMIMO-LayersNonCB-PUSCH (= max (maxNumberMIMO-LayersCB-PUSCH, maxNumberMIMO-Layers-
NonCB-PUSCH)).

[0131] Inthe configuration 3, if there is a possibility that maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-
LayersNonCB-PUSCH are not always given at the same time, the configuration 3 may be more specifically expressed by
[A-2: configuration 3], as follows.

[A-2: configuration 3’]

[0132] If the maxMIMO-Layers and the maxRank are not configured, and parameters maxNumberMIMO-LayersCB-
PUSCH and maxNumberMIMO-LayersNonCB-PUSCH are both given (or configured), then the maximum value among
the parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH is determined to
be a value of X. Otherwise, X is configured to a given value (a configured value) among the parameters maxNumberMIMO-
LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH.

- Else if both the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-Layers-
NonCB-PUSCH are provided, X is given by the maximum of maxNumberMIMO-LayersCB-PUSCH and maxNum-
berMIMO-LayersNonCB-PUSCH

- Otherwise, X is given by the provided higher layer parameter between maxNumberMIMO-LayersCB-PUSCH and
maxNumberMIMO-LayersNonCB-PUSCH

[0133] The last part of the conditional statement may be modified as follows, so as to apply the entire conditional
statement.

- Otherwise, X is given by the configured higher layer parameter between maxNumberMIMO-LayersCB-PUSCH and
maxNumberMIMO-LayersNonCB-PUSCH
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[0134] That s, the conditional statement is expressed as follows.
[0135] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows.

- Ifthe higher layer parameter maxMIMO-Layers of PUSCH-Serving CellConfig of the serving cell is configured, X is
given by that parameter

- Else if the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the
maximum value of maxRank across all BWPs of the serving cell

- Else if both the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-Layers-
NonCB-PUSCH are provided, X is given by the maximum of maxNumberMIMO-LayersCB-PUSCH and maxNum-
berMIMO-LayersNonCB-PUSCH

- Otherwise, X is given by the provided higher layer parameter between maxNumberMIMO-LayersCB-PUSCH and
maxNumberMIMO-LayersNonCB-PUSCH

[0136] The modified configuration A-2 for rate matching in consideration of the PUSCH-LBRM may be simplified as
follows, similar to FIG. 8B.

[Modified configuration A-3 for rate matching in consideration of PUSCH-LBRM]

[0137] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows.

[0138] Configuration 1: If the parameter maxRank included in higher layer signaling pusch-Config is configured, the
maximum value among the maxRank values defined for all BWPs of the serving cell is determined to be a value of X.
[0139] Configuration 2: If the maxRank is not configured and a parameter maxNumberMIMO-LayersCB-PUSCH or
maxNumberMIMO-LayersNonCB-PUSCH is configured, the maximum value among the parameter maxNumberMIMO-
LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH is determined to be a value of X.

[0140] The above configuration 1 and configuration 2 may be expressed as follows.

- Ifthe higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the maximum
value of maxRank across all BWPs of the serving cell

- Otherwise, Xis given by the maximum number of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and
maxNumberMIMO-LayersNonCB-PUSCH.

[0141] The maximum number of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMI-
MO-LayersNonCB-PUSCH may be expressed as max (maxNumberMIMO-LayersCB-PUSCH, maxNumberMIMO-
LayersNonCB-PUSCH), and max (a, b) may denote a larger value among "a" and "b". It should be noted that configuration
2 in the [Modified configuration A-3 for rate matching in consideration of PUSCH-LBRM] may employ [A-2:
configuration 3’] in the same manner as the [Modified configuration A-2 for rate matching in consideration of
PUSCH-LBRM].

[0142] FIG. 9 shows an example of the operation diagram of a UE according to the modified configuration A-2 for rate
matching in consideration of PUSCH-LBRM and the modified configuration A-3 for rate matching in consideration of
PUSCH-LBRM according to an embodiment of the disclosure.

[0143] Referringto FIG. 9, most of the operations are similar to those of FIGS. 8A and 8B, but the operation 860 of FIG.
8A is more detailed to an operation 950.

[0144] FIG.9illustrates a UE operation for supporting PUSCH-LBRM according to the modified configurations A-2 and
A-3.Ifthe UE receives the instruction for PUSCH-LBRM (indicated by reference numeral 900), first, at least one processor
identifies whether maxMIMO-Layer is configured (indicated by reference numeral 910). If the maxMIMO-Layer is
configured, the UE may determine a value of the maxMIMO-Layer to a value of X in operation 920, and may terminate
a process of determining the maximum number of layers for PUSCH-LBRM (indicated by reference numeral 960). In
operation 910, if the UE determines that the parameter maxMIMO-Layers is not configured, then the UE identifies whether
the maxRank is configured (indicated by reference numeral 930). If the maxRank is configured, the UE may determine the
maximum value of maxRank for all BWPs of a serving cell to be X (indicated by reference numeral 940), and terminate the
process of determining the maximum number of layers for PUSCH-LBRM (indicated by reference numeral 960). In
operation 930, ifitis determined that the parameter maxRank is not configured, then: if only maxNumberMIMO-LayersCB-
PUSCH s configured, the UE may determine the maxNumberMIMO-LayersCB-PUSCH value to be the maximum number
of layers "X"; and if only maxNumberMIMO-LayersNonCB-PUSCH is configured, the UE may determine the maxNum-
berMIMO-LayersNonCB-PUSCH value to be the maximum number of layers "X"; and if both the maxNumberMIMO-
LayersCB-PUSCH and the maxNumberMIMO-LayersNonCB-PUSCH are configured, the maximum number of layers "X"
may be determined based on two parameters (indicated by reference numeral 950). For example, if both parameters are
configured, the maximum value or the minimum value of both parameters may be configured to be the maximum number of
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layers "X". Then, the UE may terminate a process of determining the maximum number of layers for the PUSCH-LBRM
(indicated by reference numeral 960).

[0145] Inaddition, asinFIG. 8B, if the value of parameter maxMIMO-Layers included in the PUSCH-ServingCellConfig,
configured in the base station, is the same as the maxRank value included in the pusch-Config, operations 910 and 920 in
FIG. 9 may be omitted.

[0146] It should be noted that, in the rate matching methods considering LBRM proposed in the disclosure, decoding is
possible if both a base station and a terminal, or both a transmitter and a receiver maintain the same configuration or the
promised configuration, and various combinations of the configurations mentioned in the disclosure are possible.

Third Embodiment

[0147] Thethirdembodimentrelatestoamethod and apparatus forapplying an efficient uplink LBRM (UL-SCH LBRM or
PUSCH LBRM) in performing data transmission.

[0148] In the current NR system, TBS, gg), is determined based on the maximum number of layers of a PUSCH or a
PDSCH, configured via higher layer signaling (e.g., RRC). However, since these values are not determined until UE
capabilities are reported from a UE to a base station, as shown in FIG. 10, a problem may occur in applying LBRM.
[0149] FIG. 10 illustrates ambiguity of parameter configuration for applying LBRM between a time point at which an
RACH process is completed and a time point at which a UE capability reporting process is completed according to an
embodiment of the disclosure.

[0150] Referring to FIG. 10, there is a likelihood that configuration of the maximum number of layers of the PUSCH or
PDSCH may be different between a gNB and a UE during a period of time 1050 between an operation 1020 in which the
RACH procedure is completed and an operation 1040 in which the UE capability reporting is completed. In this case, there
is a likelihood thatthe PUSCH decoding is not properly performed in the base station, and the PDSCH decoding may not be
properly performed in the UE. Since the UE may not immediately decode the PDSCH after the RACH procedure, the UE
may not receive any RRC configuration message.

[0151] Therefore, before the UE capability is reported to the base station, rules between the base station and the UE for
the maximum number of layers of the PUSCH or PDSCH must be determined. In the above, the UE capability may be
reported to the base station from a terminal or one element of a network system.

[0152] One of the solutions to the problem is to fix the value of the maximum number of layers "X" to a predetermined
value or integer during a period of time 1050 of FIG. 10. For example, the value of the maximum number of layers "X" may
be configured to be a certain integer, such as X =1, or may be promised to be configured to have a certain value mandated
to the UE as the maximum number of layers in the band. Hereinafter, description will be made in the third embodiment or
subsequent embodiments with regard to X =1, but the value of X is not limited thereto (e.g., aninteger value, such as X may
be configured to be 2, 3, or 4 may be configured.). In addition, even if not specifically mentioned in the following
embodiment, a process of configuring X to be a predetermined value may be omitted.

[Configuration B-1 for rate matching in consideration of PUSCH-LBRM]

[0153] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows.

[0154] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PUSCH-ServingCell-
Config is configured, X is determined to be a value of the parameter maxMIMO-Layers.

[0155] Configuration 2: If the maxMIMO-Layers is not configured and the parameter maxRank included in higher layer
signaling pusch-Config is configured, the maximum value among the maxRank values defined for all BWPs of the serving
cell is determined to be a value of X.

[0156] Configuration 3: If the maxMIMO-Layers and the maxRank are not configured, the maximum number of layers for
the PUSCH supported by the UE in the serving cell is determined to be X.

[0157] Configuration 4: In a case of not corresponding to configuration 1, configuration 2, and configuration 3, X is
configured to be one.

[0158] The above configuration 1, configuration 2, configuration 3, and configuration 4 may be expressed as follows.

- Ifthe higher layer parameter maxMIMO-Layers of PUSCH-Serving CellConfig of the serving cell is configured, X is
given by that parameter

-  Else if the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the
maximum value of maxRank across all BWPs of the serving cell

- Elseifthe higher layer parameter for the maximum number of layers for PUSCH supported by the UE for the serving
cell is configured, X is given by that parameter.

- Otherwise, X = 1.
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[0159] The configuration 3 may be more clearly expressed as follows, as shown in the second embodiment, using
maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH.

[Configuration B-2 for rate matching in consideration of PUSCH-LBRM]

[0160] The maximum number of layers for one TB for UL-SCH is given by X, and determined as follows.

[0161] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PUSCH-ServingCell-
Config is configured, X is determined to be a value of the parameter maxMIMO-Layers.

[0162] Configuration 2: If the maxMIMO-Layers is not configured and the parameter maxRank included in higher layer
signaling pusch-Config is configured, the maximum value among the maxRank values defined for all BWPs of the serving
cell is determined to be a value of X.

[0163] Configuration 3: If the maxMIMO-Layers and the maxRank are not configured, and the parameters maxNum-
berMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH are configured, the maximum value among
the parameters maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH is determined to be
a value of X.

[0164] Configuration 4: If the maxMIMO-Layers and the maxRank are not configured, and only one of the parameters
maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH is configured, the configured
parameter is determined to be a value of X.

[0165] Configuration 5: In a case of not corresponding to configuration 1, configuration 2, configuration 3, and
configuration 4, X is configured to be one.

[0166] The above configuration 1, configuration 2, configuration 3, and configuration 4 may be expressed as follows.

- Ifthe higher layer parameter maxMIMO-Layers of PUSCH-Serving CellConfig of the serving cell is configured, X is
given by that parameter

- Elseif the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the
maximum value of maxRank across all BWPs of the serving cell

- Else if both the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-Layers-
NonCB-PUSCH are provided, X is given by the maximum of maxNumberMIMO-LayersCB-PUSCH and maxNum-
berMIMO-LayersNonCB-PUSCH

- Else if only one of the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-
LayersNonCB-PUSCH is provided, X is given by that parameter

- Otherwise, X = 1.

[0167] Inthe conditional statement, "provided" may be modified to "given" or "configured" and applied thereto. Further, in
the conditional statement, the maximum of maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-Layers-
NonCB-PUSCH may be replaced with max (maxNumberMIMO-LayersCB-PUSCH, maxNumberMIMO-LayersNonCB-
PUSCH) and applied to the conditional statement. In addition, in the conditional statement, only one of the higher layer
parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH may be replaced with
either maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH and applied to the conditional
statement. As described above, conditions for the two parameters of maxNumberMIMO-LayersCB-PUSCH and max-
NumberMIMO-LayersNonCB-PUSCH are required to be specified because the two parameters, which are parameters for
the maximum number of layers indicating UE capability, may be reported to the base station and thus a clear definition of
using one of the two parameters may be necessary for common understanding between the UE and the base station. As
described above, the [Configuration B-2 for rate matching in consideration of PUSCH-LBRM] includes a process of
configuring X to be a predetermined value in configuration 5, but this process may be omitted. In this case, configuration 4
may also be expressed as follows:

- Otherwise, X is given by that parameter the provided (or configured) higher parameter between maxNumberMIMO-
LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH

[0168] In addition, if maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH are always
configured together in [Configuration B-2 for rate matching in consideration of PUSCH-LBRM], configuration 4 of the
[Configuration B-2 for rate matching in consideration of PUSCH-LBRM 2] may be omitted. If a system is configured to
always have one of maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH in the [Con-
figuration B-2 for rate matching in consideration of PUSCH-LBRM], it would be obvious that configuration 3 may be
omitted.

[0169] If the value of parameter maxMIMO-Layers included in the PUSCH-ServingCellConfig configured at the base
station is the same as the maxRank value included in the pusch-Config, [Configuration B-1 for rate matching in

22



10

15

20

25

30

35

40

45

50

55

EP 4 518 269 A2

consideration of PUSCH-LBRM] and [Configuration B-2 for rate matching in consideration of PUSCH-LBRM] may
also be more simply shown as follows.

[Configuration B-3 for rate matching in consideration of PUSCH-LBRM]
[0170] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows:

Configuration 1: If the parameter maxRank included in higher layer signaling pusch-Config is configured, the
maximum value among the maxRank values defined for all BWPs of the serving cell is determined to be a value
of X.

Configuration 2: If the maxRank is not configured, the maximum number of layers for the PUSCH supported by the UE
in the serving cell is determined to be X.

Configuration 3: In a case of not corresponding to configuration 1 and configuration 2, X is configured to be one.

[0171] The above configuration 1, configuration 2, and configuration 3 may be expressed as follows.

- ifthe higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the maximum
value of maxRank across all BWPs of the serving cell

- Elseif X is given by the maximum number of layers for PUSCH supported by the UE for the serving cell

- Otherwise, X = 1.

[Configuration B-4 for rate matching in consideration of PUSCH-LBRM]

[0172] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows.

[0173] Configuration 1: If the parameter maxRank included in higher layer signaling pusch-Config is configured, the
maximum value among the maxRank values defined for all BWPs of the serving cell is determined to be a value of X.
[0174] Configuration 2: If the maxRank is not configured and parameters maxNumberMIMO-LayersCB-PUSCH and
maxNumberMIMO-LayersNonCB-PUSCH are configured, the maximum value among the parameters maxNumberMI-
MO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH is determined to be a value of X.

[0175] Configuration 3: If the maxRank is not configured and only one of the parameters maxNumberMIMO-LayersCB-
PUSCH and maxNumberMIMO-LayersNonCB-PUSCH is configured, the configured parameter is determined to be a
value of X.

[0176] Configuration 4: In a case of not corresponding to configuration 1, configuration 2, and configuration 3, X is
configured to be one.

[0177] The above configuration 1, configuration 2, configuration 3, and configuration 4 may be expressed as follows.

- Ifthe higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the maximum
value of maxRank across all BWPs of the serving cell

- Else if both the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-Layers-
NonCB-PUSCH are provided, X is given by the maximum of maxNumberMIMO-LayersCB-PUSCH and maxNum-
berMIMO-LayersNonCB-PUSCH)

- Else if only one of the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-
LayersNonCB-PUSCH is provided, X is given by that parameter

- Otherwise, X = 1.

[0178] In the conditional statement, "provided" may be modified to "given" or "configured" and applied thereto. In the
conditional statement, the maximum of maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-
PUSCH may be replaced with max (maxNumberMIMO-LayersCB-PUSCH, maxNumberMIMO-LayersNonCB-PUSCH)
and applied to the conditional statement. Further, in the conditional statement, only one of the higher layer parameters
maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH may be replaced with either max-
NumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH and applied to the conditional state-
ment. As described above, the conditions for the two parameters of maxNumberMIMO-LayersCB-PUSCH and max-
NumberMIMO-LayersNonCB-PUSCH are required to be specified because the two parameters may be reported to the
base station, which are parameters for the maximum number of layers indicating UE capability, and thus a clear definition
of using one of the two parameters may be necessary for common understanding between the UE and the base station.
[0179] An example of the operation diagram of modified configurations B-1, B-2, B-3, and B-4 for rate matching in
consideration of the PUSCH-LBRM is shown in FIG. 11.

[0180] FIG. 11 illustrates an example of an operation of a UE for supporting PUSCH-LBRM according to configuration B
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according to an embodiment of the disclosure.

[0181] ReferringtoFIG. 11, operations 1100, 1110, 1120, 1130, and 1140 of FIG. 11 are the same as those of operations
900, 910, 920,930, and 940 of FIG. 9. In FIG. 11, as in operation 1150, operation is distinguished in consideration of a case
in which maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH is configured via higher
layer signaling and a case in which maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH
is not configured via higher layer signaling. For example, in operation 1150, if at least one of the two parameters is
configured, then the maximum number of layers "X" may be determined based on the value or the values based on the
described method (indicated by reference numeral 1170), and if both parameters are not configured, X may be configured
to be a predetermined value in operation 1160.

[0182] Operations 1150 and 1170 may be expressed in various ways. For example, if only one of maxNumberMIMO-
LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH is configured, the parameter is determined to be the
maximum layer number "X", and if both the maxNumberMIMO-LayersCB-PUSCH and the maxNumberMIMO-Layers-
NonCB-PUSCH are configured, the maximum number of layers "X" is determined based on the two parameters (not
shown). The process of determining the maximum number of layers "X" based on the two parameters may be represented
by using a method, such as max (maxNumberMIMO-LayersCB-PUSCH, maxNumberMIMO-LayersNonCB-PUSCH) or
min (maxNumberMIMO-LayersCB-PUSCH, maxNumberMIMO-LayersNonCB-PUSCH).

[0183] If the value of parameter maxMIMO-Layers included in the PUSCH-ServingCellConfig, configured at the base
station, is the same as the maxRank value included in the pusch-Config, operations 1110 and 1120 may be omitted.
[0184] Inthe rate matching methods considering LBRM proposed in the disclosure, decoding is possible if both a base
station and a terminal, or both a transmitter and a receiver maintain the same configuration or the promised configuration,
and various combinations of the configurations mentioned in the disclosure are possible.

Fourth Embodiment

[0185] The fourthembodiment relates to a method and apparatus for applying an efficient uplink LBRM (UL-SCH LBRM
or PUSCH LBRM) in performing data transmission.

[0186] Asanother method for solving the problem described in the third embodiment, if a value for the maximum number
oflayers ofa PUSCH or PDSCH cannot be determined from an RRC message, a method of notapplying LBRM is proposed
as follows.

[Configuration C-1 for rate matching in consideration of PUSCH-LBRM]

[0187] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows.

[0188] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PUSCH-ServingCell-
Config is configured, X is determined to be a value of the parameter maxMIMO-Layers.

[0189] Configuration 2: If the maxMIMO-Layers is not configured and the parameter maxRank included in higher layer
signaling pusch-Config is configured, the maximum value among the maxRank values defined for all BWPs of the serving
cell is determined to be a value of X.

[0190] Configuration 3: If the maxMIMO-Layers and the maxRank are not configured, the maximum number of layers for
the PUSCH supported by the UE in the serving cell is determined to be X.

[0191] Configuration 4: In a case of not corresponding to configurations 1, 2 and 3, no LBRM s applied (i.e., noLBRMis
applied if the maximum number of layers cannot be determined irrespective of the instruction for LBRM).

[0192] The above configuration 1, configuration 2, configuration 3, and configuration 4 may be expressed as follows.

- Ifthe higher layer parameter maxMIMO-Layers of PUSCH-Serving CellConfig of the serving cell is configured, X is
given by that parameter

-  Elseif the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the
maximum value of maxRank across all BWPs of the serving cell

-  Elseif the higher layer parameter for the maximum number of layers for PUSCH supported by the UE for the serving
cell is configured, X is given by that parameter.

- Otherwise, no LBRM is applied.

[0193] The last part of the conditional statement may be expressed as "otherwise, no LBRM is applied". The

configuration 3 may be more clearly indicated using maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-
LayersNonCB-PUSCH, as follows.
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[Configuration C-2 for rate matching in consideration of PUSCH-LBRM]

[0194] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows.

[0195] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PUSCH-ServingCell-
Config is configured, X is determined to be a value of the parameter maxMIMO-Layers.

[0196] Configuration 2: If the maxMIMO-Layers is not configured and the parameter maxRank included in higher layer
signaling pusch-Config is configured, the maximum value among the maxRank values defined for all BWPs of the serving
cell is determined to be a value of X.

[0197] Configuration 3: If the maxMIMO-Layers and the maxRank are not configured, and the parameters maxNum-
berMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH are configured, the maximum value among
the parameters maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH is determined to be
a value of X.

[0198] Configuration 4: If the maxMIMO-Layers and the maxRank are not configured, and only one of the parameters
maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH is configured, the configured
parameter is determined to be a value of X.

[0199] Configuration 5: In a case of not corresponding to configurations 1, 2, 3, and 4, LBRM is not applied.

[0200] The above configuration 1, configuration 2, configuration 3, and configuration 4, and configuration 5 may be
expressed as follows.

- Ifthe higher layer parameter maxMIMO-Layers of PUSCH-Serving CellConfig of the serving cell is configured, X is
given by that parameter

- Else if the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the
maximum value of maxRank across all BWPs of the serving cell

- Else if both the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-Layers-
NonCB-PUSCH are provided, X is given by the maximum of maxNumberMIMO-LayersCB-PUSCH and maxNum-
berMIMO-LayersNonCB-PUSCH)

- Elseif only one of the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-
LayersNonCB-PUSCH is provided, X is given by that parameter

- Otherwise, no LBRM is applied.

[0201] As seen above, the part specified and applied as "provided" may be used interchangeably with "given" or
"configured" or may have the same meaning with each other. That is, "provided" in the conditional statement may be
modified to "given" or "configured" and applied thereto. In the conditional statement, the maximum of maxNumberMIMO-
LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH may be replaced with max (maxNumberMIMO-
LayersCB-PUSCH, maxNumberMIMO-LayersNonCB-PUSCH) and applied to the conditional statement. Also, in the
conditional statement, only one of the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumber-
MIMO-LayersNonCB-PUSCH may be replaced with either maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-
LayersNonCB-PUSCH and applied to the conditional statement. As described above, conditions for the two parameters of
maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH are required to be specified be-
cause the two parameters, which are parameters for the maximum number of layers indicating UE capability, may be
reported to the base station, and thus a clear definition of using one of the two parameters may be necessary for common
understanding between the UE and the base station.

[0202] If maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH are always configured
together in the [Configuration C-2 for rate matching in consideration of PUSCH-LBRM], configuration 4 of the
[Configuration C-2 for rate matching in consideration of PUSCH-LBRM] may be omitted, and in a case where a
system in which only one of maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH is
always configured in the [Configuration C-2 for rate matching in consideration of PUSCH-LBRM], it would be obvious
that configuration 3 thereof is omissible.

[0203] If the value of parameter maxMIMO-Layers included in the PUSCH-ServingCellConfig configured at the base
station is the same as the maxRank value included in the pusch-Config, [Configuration C-1 for rate matching in
consideration of PUSCH-LBRM] and [Configuration C-2 for rate matching in consideration of PUSCH-LBRM] may
also be described more simply as follows.

[Configuration C-3 for rate matching in consideration of PUSCH-LBRM]
[0204] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows.

[0205] Configuration 1: If the parameter maxRank included in higher layer signaling pusch-Config is configured, the
maximum value among the maxRank values defined for all BWPs of the serving cell is determined to be a value of X.
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[0206] Configuration 2: If the maxRank is not configured, the maximum number of layers for the PUSCH supported by
the UE in the serving cell is determined to be X.

[0207] Configuration 3: In a case of not corresponding to configuration 1 and configuration 2, LBRM is not applied.
[0208] The above configuration 1, configuration 2, and configuration 3 may be expressed as follows.

- ifthe higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the maximum
value of maxRank across all BWPs of the serving cell

- Else if X is given by the maximum number of layers for PUSCH supported by the UE for the serving cell

- Otherwise, no LBRM is applied.

[Configuration C-4 for rate matching in consideration of PUSCH-LBRM]
[0209] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows:

Configuration 1: If the parameter maxRank included in higher layer signaling pusch-Config is configured, the
maximum value among the maxRank values defined for all BWPs of the serving cell is determined to be a value
of X.

Configuration 2: If the maxRank is not configured and parameters maxNumberMIMO-LayersCB-PUSCH and
maxNumberMIMO-LayersNonCB-PUSCH are configured, the maximum value among the parameters maxNum-
berMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH is determined to be a value of X.
Configuration 3: If the maxRank is not configured and only one of the parameters maxNumberMIMO-LayersCB-
PUSCH and maxNumberMIMO-LayersNonCB-PUSCH is configured, the configured parameter is determined tobe a
value of X.

Configuration 4: In a case of not corresponding to configurations 1, 2, and 3, LBRM is not applied.

[0210] The above configuration 1, configuration 2, configuration 3, and configuration 4 may be expressed as follows.

- Ifthe higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the maximum
value of maxRank across all BWPs of the serving cell

- Else if both the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-Layers-
NonCB-PUSCH are provided, X is given by the maximum of maxNumberMIMO-LayersCB-PUSCH and maxNum-
berMIMO-LayersNonCB-PUSCH)

- Else if only one of the higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-
LayersNonCB-PUSCH is provided, X is given by that parameter

- Otherwise, no LBRM is applied.

[0211] In the conditional statement, "provided" may be modified to "given" or "configured" and applied thereto. In the
conditional statement, the maximum of maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-
PUSCH may be replaced with max (maxNumberMIMO-LayersCB-PUSCH, maxNumberMIMO-LayersNonCB-PUSCH)
and applied to the conditional statement. Also, in the conditional statement, only one of the higher layer parameters
maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH may be replaced with either max-
NumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH and applied to the conditional state-
ment. As described above, conditions for the two parameters of maxNumberMIMO-LayersCB-PUSCH and maxNum-
berMIMO-LayersNonCB-PUSCH are required to be specified because the two parameters, which are parameters for the
maximum number of layers indicating UE capability, may be reported to the base station and thus a clear definition of using
one of the two parameters may be necessary for common understanding between the UE and the base station.
[0212] FIG. 12 illustrates an example of an operation diagram of modified configurations C-1, C2, C-3, and C-4 for rate
matching in consideration of the PUSCH-LBRM according to an embodiment of the disclosure. FIG. 12 illustrates an
example of an operation of a UE for supporting PUSCH-LBRM according to configuration C.

[0213] Referring to FIG. 12, operations 1200, 1210, 1220, 1230, 1240, 1250, and 1270 of FIG. 12 are similar to
operations 1100, 1110, 1120, 1130, 1140, 1150, and 1170 of FIG. 11, but if maxNumberMIMO-LayersCB-PUSCH or
maxNumberMIMO-LayersNonCB-PUSCH is not configured via higher layer signaling, the UE may not configure the
maximum number of layers "X" and then apply a process of postponing applying of LBRM until at least one value of
maxMIMO-Layers, maxRank, maxNumberMIMO-LayersCB-PUSCH, or maxNumberMIMO-LayersNonCB-PUSCH is
configured via higher layer signaling (indicated by reference numeral 1260). If the value of parameter maxMIMO-Layers
included in the PUSCH-ServingCellConfig configured at the base station is the same as the maxRank value included in the
pusch-Config, operations 1210 and 1220 may be omitted.

[0214] Itshould be noted that, in the rate matching methods considering LBRM proposed in the disclosure, decoding is
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possible if both a base station and a terminal, or both a transmitter and a receiver maintain the same configuration or the
promised configuration, and various combinations of the configurations mentioned in the disclosure are possible.

Fifth Embodiment

[0215] A fifth embodiment relates to a method and apparatus for applying an efficient uplink LBRM (UL-SCH LBRM or
PUSCH LBRM) in performing data transmission.

[0216] In the current NR system, TBS, gg), is determined based on the maximum number of layers of a PUSCH or a
PDSCH configured via higher layer signaling (e.g., RRC). Thus, as shown in FIG. 10, rules between a base station and a
UE for the maximum number of layers of PUSCH or PDSCH should be determined before UE capability is reported to the
base station.

[0217] Amethod forsolving the problem has been proposed in the third embodiment and the fourth embodiment, and the
proposed method may be more simply expressed as follows.

[Configuration D-1 for rate matching in consideration of PUSCH-LBRM]

[0218] The maximum number of layers for one TB for UL-SCH is given by X, and is determined as follows.

[0219] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PUSCH-ServingCell-
Config is configured, X is determined to be a value of the parameter maxMIMO-Layers.

[0220] Configuration 2: If the maxMIMO-Layers is not configured and the parameter maxRank included in higher layer
signaling pusch-Config is configured, the maximum value among the maxRank values defined for all BWPs of the serving
cell is determined to be a value of X.

[0221] Configuration 3: If the maxMIMO-Layers and the maxRank are not configured and the UE capability is reported, X
is determined to be the maximum number of layers supported by the UE.

[0222] Configuration 4: In a case of not corresponding to configuration 1, configuration 2, and configuration 3, X is
configured to be one.

[0223] The above configuration 1, configuration 2, configuration 3, and configuration 4 may be expressed as follows.

- Ifthe higher layer parameter maxMIMO-Layers of PUSCH-Serving CellConfig of the serving cell is configured, X is
given by that parameter

- Else if the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the
maximum value of maxRank across all BWPs of the serving cell

- Else if UE capability is reported, X is given by the maximum number of layers for PUSCH supported by the UE.

- Otherwise, X = 1.

[0224] If the value of parameter maxMIMO-Layers included in the PUSCH-ServingCellConfig, configured at the base
station, is the same as the maxRank value included in the pusch-Config, configuration 1 may be omitted in the above
[Configuration D-1 for rate matching in consideration of the PUSCH-LBRM]. It should be noted that various
modifications are possible in a case of configuration 4 in the [Configuration D-1 for rate matching in consideration
of PUSCH-LBRM]. Forexample, "X" may be configured to be a predetermined another certain integer, or configured to be
a certain value, such as a value mandated as the maximum number of layers determined to be supported by the UE in the
band.

[0225] The maximum number of layers determined to be supported by the UE in the band may differ for each frequency
range. For example, in FR1 of the NR system, the UE may have to unconditionally support four layers, and in FR2, the UE
may have to support two layers. Therefore, in this case, X may be configured to be 4 for a carrier belonging to FR1 and X
may be configured to be 2 for a carrier belonging to FR2. As such, a value of X may be differently defined in FR1and FR2. In
the disclosure, for the sake of convenience, an embodiment will be described with regard to X = 1, but it is not necessarily
limited thereto. Further, the disclosure may consider the case of not applying or postponing LBRM.

[0226] FIG. 13 illustrates an example of the operation diagram of the modified configuration D-1 for rate matching in
consideration of PUSCH-LBRM according to an embodiment of the disclosure. FIG. 13 illustrates an example of an
operation of a UE of supporting PUSCH-LBRM according to configuration D.

[0227] ReferringtoFIG. 13, operations 1300, 1310, 1320, 1330, and 1340 of FIG. 11 are similar to operations 1100, 1110,
1120, 1130, and 1140 of FIG. 11, but if the maxRank is not configured in operation 1330, the UE may determine whether UE
capability is reported in operation 1350. In operation 1350, if the UE determines thatthe UE capability has been reported, X
is configured to be the maximum number of layers supported by the UE, in operation 1370. If the UE capability has notbeen
reported, X may be configured to be a predetermined certain integer, such as X = 1, or may be configured to be a certain
value, such as a value mandated to the UE as the maximum number of layers in the band, in operation 1360. If the
parameter maxMIMO-Layers value included in the PUSCH-ServingCellConfig configured at the base station is the same
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as the maxRank value included in the pusch-Config, operations 1310 and 1320 may be omitted.

Sixth embodiment

[0228] The sixth embodiment relates to a method and apparatus for applying an efficient downlink LBRM (PDSCH-
LBRM, DL-SCH LBRM, or PCH LBRM) in performing data transmission. For the sake of convenience, this is hereinafter
referred to as PDSCH-LBRM.

[0229] Currently, if it is determined to apply the PDSCH-LBRM between a base station and a terminal, TBS, gy, is
determined based on the following configuration.

[Configuration for rate matching in consideration of PDSCH-LBRM]

[0230] The maximum number of layers for one TB for DL-SCH/PCH is given by the minimum value among Xand 4 and is
determined as follows.

[0231] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PDSCH-ServingCell-
Config is configured, X is determined to be the number of the maxMIMO-Layers.

[0232] Configuration 2: In a case of not corresponding to configuration 1, X is determined to be the maximum number of
layers for the PDSCH supported by the UE in the serving cell.

[0233] The above configuration 1 and configuration 2 may be expressed as follows.

- If the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is
given by that parameter
- Otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell

[0234] FIG. 14 illustrates an example of terminal operation for the configuration of [Configuration for rate matching in
consideration of PDSCH-LBRM] for PDSCH-LBRM according to an embodiment of the disclosure. FIG. 14 illustrates an
embodiment of a terminal operation for PDSCH-LBRM support.

[0235] Referring to FIG. 14, if the terminal receives an instruction for PDSCH-LBRM (indicated by reference numeral
1400), first, atleast one processor identifies whether the parameter maxMIMO-Layer is configured (indicated by reference
numeral 1410). If the parameter maxMIMO-Layer is configured, the terminal determines a value of parameter maxMIMO-
Layer to be a value of X (indicated by reference numeral 1420), and may terminate a process of determining the value of X
for the PDSCH-LBRM (indicated by reference numeral 1440). If it is determined that the parameter maxMIMO-Layers is
not configured, the terminal determines the maximum number of layers for the PDSCH supported by a UE in a serving cell
to be X (indicated by reference numeral 1430), and may terminate a process of determining the value of X for the PDSCH-
LBRM (indicated by reference numeral 1440).

[0236] Operation 1420 of FIG. 14, which corresponds to configuration 2 in the [Configuration for rate matching in
consideration of PDSCH-LBRM], includes a process of determining X to be the maximum number of layers for the
PDSCH supported by the UE in the serving cell. However, the definition of the maximum number of layers is somewhat
ambiguous, so a clearer definition is needed.

[0237] Forexample, in determining the maximum number of layers, if a parameter maxNumberMIMO-LayersPDSCH is
configured via higher layer signaling, a value of X may be determined based on the parameter. As an embodiment, if
maxNumberMIMO-Layers-PDSCH is configured (or given), a value of the maxNumberMIMO-Layers-PDSCH may be
determined to be X.

[0238] Insummary, an embodiment of a modified configuration for rate matching in consideration of PDSCH-LBRM may
be described as follows.

[Modified configuration E-1 for rate matching in consideration of PDSCH-LBRM]

[0239] The maximum number oflayers for one TB for DL-SCH/PCH is given by the minimum value among Xand 4, and is
determined as follows.

[0240] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PDSCH-ServingCell-
Config is configured, X is determined to be the parameter maxMIMO-Layers.

[0241] Configuration 2: In a case of not corresponding to configuration 1, X is determined to be the parameter
maxNumberMIMO-Layers-PDSCH of higher layer signaling.

[0242] The above configuration 1 and configuration 2 may be expressed as follows.

- If the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is
given by that parameter
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- Otherwise, X is given by the higher layer parameter maxNumberMIMO-LayersPDSCH.

[0243] FIG. 15illustrates an example of a terminal operation for the configuration of [Modified configuration E-1 for
rate matching in consideration of PDSCH-LBRM] for PDSCH-LBRM according to an embodiment of the disclosure.
FIG. 15illustrates an embodiment of an operation of a terminal for supporting PDSCH-LBRM according to configuration E.
[0244] Referringto FIG. 15, if the UE receives an instruction for PDSCH-LBRM (indicated by reference numeral 1500),
first, at least one processor identifies whether the parameter maxMIMO-Layer is configured (indicated by reference
numeral 1510). If the parameter maxMIMO-Layer is configured, the UE may determine a value of the parameter
maxMIMO-Layer to be a value of X, and terminate a process of determining the value of X for the PDSCH-LBRM
(indicated by reference numeral 1540). If it is determined that the parameter maxMIMO-Layers is not configured in
operation 1510, the UE may determine the maxNumberMIMO-LayersPDSCH to be X (indicated by reference numeral
1530), and may terminate a process of determining the value of X for the PDSCH-LBRM (indicated by reference numeral
1540).

[0245] It should be noted that, in the rate matching methods considering LBRM proposed in the disclosure, decoding is
possible if both a base station and a terminal, or both a transmitter and a receiver maintain the same configuration or the
promised configuration, and various combinations of the configurations mentioned in the disclosure are possible.

Seventh Embodiment

[0246] The seventh embodiment relates to a method and apparatus for applying an efficient downlink LBRM (PDSCH
LBRM, DL-SCH LBRM, or PCH LBRM) in performing data transmission. For the sake of convenience, this is hereinafter
referred to as "PDSCH-LBRM".

[0247] In the current NR system, TBS, gg), is determined based on the maximum number of layers of a PUSCH or a
PDSCH, configured via higher layer signaling (e.g., RRC). However, since these values are not determined until UE
capabilities are reported from a UE to a base station, as shown in FIG. 10, a problem may occur in a case of applying of
LBRM. Thatis, there is a likelihood that the configuration of the maximum number of layers of the PUSCH or PDSCH may
be different between a gNB and a UE during a period of time 1050 between an operation 1020 in which the RACH
procedure is completed and an operation 1040 in which the UE capability reporting is completed, in FIG. 10. In this case,
there is a likelihood that the PUSCH decoding is not properly performed in the base station, and the PDSCH decoding may
notbe properly performed in the UE. In other words, since the UE may notimmediately decode the PDSCH after the RACH
procedure, the UE may not receive any RRC configuration message.

[0248] Therefore, before the UE capability is reported to the base station, rules between the base station and the UE for
the maximum number of layers of the PUSCH or PDSCH must be determined.

[0249] One solution to the problem is to fix a value of the maximum number of layers "X" to a predetermined value or
integer during a period of time 1050 of FIG. 10. For example, the value of the maximum number of layers "X" may be
configured to be a certain integer, such as X = 1, or may be promised to be configured to have a certain value mandated to
the UE as the maximum number of layers in the band. Hereinafter, description will be made in the seventh embodiment or
subsequent embodiments, with regard to X = 1, but the value of X is not limited thereto.

[Configuration F-1 for rate matching in consideration of PDSCH-LBRM]

[0250] The maximum number of layers for one TB for DL-SCH/PCH is given by the minimum value among Xand 4, and is
determined as follows.

[0251] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PDSCH-ServingCell-
Config is configured, X is determined to be the parameter maxMIMO-Layers.

[0252] Configuration 2: Ifthe maxMIMO-Layers is not configured and the parameter maxNumberMIMO-Layers-PDSCH
of higher layer signaling is configured, X is determined to be the parameter maxNumberMIMO-Layers-PDSCH.
[0253] Configuration 3: In a case of not corresponding to configuration 1 and configuration 2, X is configured to be one.
[0254] The above configuration 1, configuration 2, and configuration 3 may be expressed as follows.

- If the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is
given by that parameter

- Else if the higher layer parameter maxNumberMIMO-LayersPDSCH is configured, X is given by that parameter

- Otherwise, X = 1.

[0255] In the above, "configured" may be expressed as "given". Configuration 2 in the [Configuration F-1 for rate
matching in consideration of PDSCH-LBRM] may be expressed in another form as follows.
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[F-2: Configuration 2’]
[0256]

- Elseifthe higherlayer parameter maxNumberMIMO-LayersPDSCH is configured, Xis given by the maximum number
of layers for PDSCH supported by the UE for the serving cell

[0257] In the above, "configured" may be expressed as "given".

[0258] Inaddition, in the configuration 3, X may be configured to be an integer different from 1 or to a different parameter.
[0259] FIG. 16 illustrates an example of a terminal operation for the configuration of [Modified configuration F-1 for
rate matching in consideration of PDSCH-LBRM] for PDSCH-LBRM according to an embodiment of the disclosure.
FIG. 16 illustrates an embodiment of a terminal operation for PDSCH-LBRM support.

[0260] Referring to FIG. 16, if a terminal receives an instruction for PDSCH-LBRM (indicated by reference numeral
1600), first, atleast one processor identifies whether the parameter maxMIMO-Layer is configured (indicated by reference
numeral 1610). If the parameter maxMIMO-Layer is configured, the UE may determine a value of the parameter
maxMIMO-Layer may be determined to be a value of X (indicated by reference numeral 1620), and may terminate a
process of determining the value of X for the PDSCH-LBRM (indicated by reference numeral 1660). In operation 1610, if it
is determined that the parameter maxMIMO-Layers is not configured, the terminal may determine whether maxNum-
berMIMO-LayersPDSCH is configured (indicated by reference numeral 1630). In operation 1630, if it is determined that
the maxNumberMIMO-LayersPDSCH value is configured, the terminal may determine the maxNumberMIMO-
LayersPDSCH to be X (indicated by reference numeral 1650), and may terminate a process of determining the value
of X for the PDSCH-LBRM (indicated by reference numeral 1660). However, in operation 1630, if it is determined that the
maxNumberMIMO-LayersPDSCH value is not configured, the terminal may determine X to be a predetermined value,
such as X = 1 (indicated by reference numeral 1640), and may terminate a process of configuring X and then apply
PDSCH-LBRM thereto (indicated by reference numeral 1660).

[0261] Inthe rate matching methods considering LBRM proposed in the disclosure, decoding is possible if both a base
station and a terminal, or both a transmitter and a receiver maintain the same configuration or the promised configuration,
and various combinations of the configurations mentioned in the disclosure are possible.

Eighth Embodiment

[0262] The eighth embodiment relates to a method and apparatus for applying an efficient downlink LBRM (PDSCH
LBRM, DL-SCH LBRM, or PCH LBRM) in performing data transmission. For the sake of convenience, this is hereinafter
referred to as "PDSCH-LBRM".

[0263] As another method for solving the problem described in the seventh embodiment, if a value for the maximum
number of layers of a PUSCH or PDSCH cannot be determined from an RRC message, a method of not applying LBRM is
proposed as follows.

[Configuration G-1 for rate matching in consideration of PDSCH-LBRM]

[0264] The maximumnumber oflayers forone TB for DL-SCH/PCH is given by the minimum value among Xand 4, andis
determined as follows.

[0265] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PDSCH-ServingCell-
Config is configured, X is determined to be the parameter maxMIMO-Layers.

[0266] Configuration 2: Ifthe maxMIMO-Layers is not configured and the parameter maxNumberMIMO-Layers-PDSCH
of higher layer signaling is configured, X is determined to be the parameter maxNumberMIMO-Layers-PDSCH.
[0267] Configuration 3: In a case of not corresponding to configuration 1 and configuration 2, no LBRM is applied.
[0268] The above configuration 1, configuration 2, and configuration 3 may be expressed as follows.

- If the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is
given by that parameter

- Else if the higher layer parameter maxNumberMIMO-LayersPDSCH is configured, X is given by that parameter

- Otherwise, no LBRM is applied.

[0269] Alternatively, the above conditional statement may be applied as follows.

- Ifthe higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is given, Xis given by
that parameter
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- Else if the higher layer parameter maxNumberMIMO-LayersPDSCH is given, X is given by that parameter
- Otherwise, no LBRM is applied.

[0270] Configuration 2 in the [Configuration G-1 for rate matching in consideration of PDSCH-LBRM] may be
expressed in another form, such as [F-2: Configuration 2’].

[0271] FIG. 17 illustrates an example of a terminal operation for the configuration of [Modified configuration G-1 for
rate matching in consideration of PDSCH-LBRM] for PDSCH-LBRM according to an embodiment of the disclosure.
FIG. 17 illustrates an embodiment of a terminal operation for supporting PDSCH-LBRM.

[0272] Referring to FIG. 17, if a terminal receives an instruction for PDSCH-LBRM (indicated by reference numeral
1700), first, at least one processor identifies whether the parameter maxMIMO-Layer is configured (indicated by reference
numeral 1710). If the parameter maxMIMO-Layer is configured, the terminal may configure a value of the parameter
maxMIMO-Layer to be a value of X (indicated by reference numeral 1720), and may terminate a process of determining the
value of X for the PDSCH-LBRM (indicated by reference numeral 1760). In operation 1710, if it is determined that the
parameter maxMIMO-Layers is not configured, the terminal may determine whether maxNumberMIMO-LayersPDSCH is
configured (indicated by reference numeral 1730). In operation 1730, if it is determined that the maxNumberMIMO-
LayersPDSCH value is configured, the terminal may determine the maxNumberMIMO-LayersPDSCH to be X (indicated
by reference numeral 1750), and may terminate a process of determining the value of X for the PDSCH-LBRM (indicated
by reference numeral 1760). However, in operation 1730, if it is determined that the maxNumberMIMO-LayersPDSCH
value is not configured, the terminal may apply a process of postponing LBRM application until a value of at least one of
maxMIMO-Layers and maxNumberMIMO-LayersPDSCH is configured via higher layer signaling (indicated by reference
numeral 1740).

[0273] Itshould be noted that, in the rate matching methods considering LBRM proposed in the disclosure, decoding is
possible if both a base station and a terminal, or both a transmitter and a receiver maintain the same configuration or the
promised configuration, and various combinations of the configurations mentioned in the disclosure are possible.

Ninth Embodiment

[0274] The ninth embodiment relates to a method and apparatus for applying an efficient downlink LBRM (PDSCH
LBRM, DL-SCH LBRM, or PCH LBRM) in performing data transmission. For the sake of convenience, this is hereinafter
referred to as "PDSCH-LBRM".

[0275] In the current NR system, TBS, gg), is determined based on the maximum number of layers of a PUSCH or a
PDSCH configured via higher layer signaling (e.g., RRC). Thus, as shown in FIG. 10, rules between a base station and a
UE for the maximum number of layers of PUSCH or PDSCH should be determined before UE capability is reported to a
base station.

[0276] A method for solving the problem has been proposed in the seventh embodiment and the eighth embodiment,
and the proposed method may be more simply expressed as follows.

[Configuration H-1 for rate matching in consideration of PDSCH-LBRM]

[0277] The maximum number of layers for one TB for DL-SCH/PCH is given by the minimum among X and 4, and is
determined as follows.

[0278] Configuration 1: If the parameter maxMIMO-Layers included in the higher layer signaling PDSCH-ServingCell-
Config is configured, X is determined to be the number of the parameter maxMIMO-Layers.

[0279] Configuration 2: If the maxMIMO-Layers is not configured and UE capability is reported, X is determined to be the
maximum number of layers supported by the UE.

[0280] Configuration 3: In a case of not corresponding to configuration 1 and configuration 2, X is configured to be one.
[0281] The above configuration 1, configuration 2, and configuration 3 may be expressed as follows.

- If the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is
given by that parameter

- Else if UE capability is reported, X is given by the maximum number of layers for PDSCH supported by the UE.

- Otherwise, X = 1.

[0282] Alternatively, the above conditional statement may be applied as follows.
- If the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is

given by that parameter
- Else if the higher layer parameter maxNumberMIMO-LayersPDSCH is provided, X is given by that parameter
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- Otherwise, Xis 1.

[0283] It should be noted that various modifications are possible in a case of configuration 3 in the [Configuration H-1
for rate matching in consideration of PDSCH-LBRM]. For example, "X" may be configured to be a predetermined
another certain integer, or may be promised to be configured to have a certain value, such as a value mandated as the
maximum number of layers determined to be supported by the UE in the band. The maximum number of layers determined
to be supported by the UE in the band may differ for each frequency range. For example, in FR1 of the NR system, the UE
may have to unconditionally support four layers, and in FR2, the UE may have to supporttwo layers. In this case, therefore,
X may be configured to be 4 for a carrier belonging to FR1 and X may be configured to be 2 for a carrier belonging to FR2. As
such, a value of X may be differently defined in FR1 and FR2. In the disclosure, for the sake of convenience, an
embodiment will be described with regard to X = 1, but it is not necessarily limited thereto. Further, the disclosure may
consider the case of not applying or postponing LBRM.

[0284] FIG. 18 illustrates an example of the operation diagram of the modified configuration H-1 for rate matching in
consideration of the PDSCH-LBRM according to an embodiment of the disclosure. FIG. 18 illustrates an embodiment of a
terminal operation for supporting PDSCH-LBRM.

[0285] Referringto FIG. 18, operations 1800, 1810, and 1820 of FIG. 18 are similar to operations 1600, 1610, and 1620
of FIG. 16, but ifitis determined that the maxMIMO-Layers is not configured in operation 1810, the terminal may determine
that UE capability is reported (indicated by reference numeral 1830). If the terminal determines that the UE capability has
been reported in operation 1830, X is configured to be the maximum number of layers supported by the UE (indicated by
reference numeral 1850). If the UE capability has not been reported, X may be configured to be a predetermined certain
integer, such as X = 1, or may be configured to be a certain value, such as a value mandated to the UE as the maximum
number of layers in the band (indicated by reference numeral 1840).

[0286] In the embodiments described above, the configuration of the maximum number of layers in determining a
parameter for applying LBRM has been described. With regard to configuration of the maximum modulation order, a
method similar to the above-described embodiments may be applied.

[0287] Currently, if it is determined to apply LBRM between a base station and a terminal, the TBS, gg), is determined
based on the following configuration for the maximum modulation order.

[Configuration of maximum modulation order for rate matching in consideration of LBRM]

[0288] Configuration: If a maximum modulation order for a serving cell in a higher layer is configured for DL-SCH, the
maximum modulation order is assumed to have the configured value. Otherwise, the maximum modulation order is
assumed to be Q,,, = 6.

[0289] The above configuration may also be expressed as:

- Maximum modulation order configured for the serving cell, if configured by higher layers; otherwise a maximum
modulation order Q,, = 6 is assumed for DL-SCH.

[0290] [Configuration of maximum modulation order for rate matching in consideration of LBRM] has a problem
in that it is not clear whether Q,,, is determined according to a higher layer parameter configuration and a configuration
method for defining Q,, for UL-SCH is not clear and ambiguous.

[0291] Accordingly, the configuration for UL-SCH may be described in more detail as shown in the following tenth
embodiment.

Tenth embodiment

[Maximum modulation order configuration A for rate matching in consideration of LBRM]

[0292] A maximum modulation order configured for a serving cell is configured as follows.

[0293] Configuration 1: If parameter mcs-Table given in the higher layer signaling PDSCH-Config is determined to be
‘qam256’, a maximum modulation order for DL-SCH is assumed to be Q,,, = 8, otherwise the maximum modulation order
for DL-SCH is assumed to be Q,, = 6.

[0294] Configuration 2: If a higher layer parameter value transformPrecoder is configured to be disabled for PUSCH
transmission, that is, if DFT-S-OFDM is not applied to uplink transmission, and parameter mcs-Table included in higher
layer signaling pusch-Config or configuredGrantConfig is determined to be ‘gam256’, the maximum modulation order for
the UL-SCH is assumed to be Q,, = 8, otherwise, the maximum modulation order for the UL-SCH is assumed to be Q, = 6.
[0295] Configuration 3: If the higher layer parameter value transformPrecoder is configured to be enabled for PUSCH
transmission, that is, if DFT-S-OFDM is applied to uplink transmission, and a parameter mcs-TableTransformPrecoder
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included in higher layer signaling pusch-Config or configuredGrantConfig is determined to be '‘qam256’, the maximum
modulation order for the UL-SCH is assumed to be Q,,, = 8, otherwise the maximum modulation order for the UL-SCH is
assumed to be Q,,, = 6.

[0296] The above configuration may also be expressed as: maximum modulation order configured for the serving cell,
where:

- Ifhigher layer parameter mcs-Table given by pdsch-Config is set to ‘'qam256’, maximum modulation order Q,, = 8 is
assumed for DL-SCH; otherwise a maximum modulation order Q,,, = 6 is assumed for DL-SCH;

- Iftransform precoding is disabled for PUSCH transmission and higher layer parameter mcs-Table given by pusch-
Config or configuredGrantConfig is set to ‘qam256°, maximum modulation order Q,,, = 8 is assumed for UL-SCH;
otherwise a maximum modulation order Q,,, = 6 is assumed for UL-SCH;

- Iftransform precoding is enabled for PUSCH transmission and higher layer parameter mcs-TableTransformPrecoder
given by pusch-Config or configuredGrantConfig is setto 'gam256’, maximum modulation order Q,,, = 8 is assumed for
UL-SCH; otherwise a maximum modulation order Q,, = 6 is assumed for UL-SCH.

[0297] According to the tenth embodiment, it can be seen that the maximum modulation order for the UL-SCH can be
configuredin a case of applying of LBRM. However, in general, since a value of mcs-Table may be configured differently for
each BWP, the value of mcs-Table, required to configure the maximum modulation order, is not clear in the tenth
embodiment. Therefore, a specific plan is required to clearly define the value of mcs-Table in consideration of BWP.

[0298] Accordingly, as shown in the following eleventh embodiment to 23rd embodiment, a method for configuring the
maximum modulation order for LBRM may be described in more detail. For the convenience of explanation, the eleventh
embodiment to thirteenth embodiment show a maximum modulation order configuration method for DL-SCH, and a
fourteenth embodiment to 23rd embodiment show a maximum modulation order configuration method for UL-SCH.

Eleventh embodiment

[Maximum modulation order configuration B-1 for rate matching in consideration of LBRM]

[0299] A maximum modulation order configured for a serving cell is configured as follows.

[0300] Configuration: If parameter mcs-Table included in higher layer signaling pdsch-Config for any BWP of a serving
cell is configured to be '‘qam256’, a maximum modulation order for the DL-SCH is assumed to be Q,,, = 8, otherwise the
maximum modulation order for the DL-SCH is assumed to be Q,, = 6.

[0301] The above configuration may also be expressed as:

- If higher layer parameter mcs-Table given by pdsch-Config for some BWP (or a BWP) of the serving cell is set to
‘qam256’, maximum modulation order Q,,, = 8 is assumed for DL-SCH; otherwise a maximum modulation order Q,, = 6
is assumed for DL-SCH.

12th embodiment
[Maximum modulation order configuration B-2 for rate matching in consideration of LBRM]

[0302] A maximum modulation order configured for a serving cell is configured as follows.

[0303] Configuration 1: If parameter mcs-Table included in higher layer signaling pdsch-Config for one or more BWPs of
the serving cell is configured to be 'qgam256’, the maximum modulation order for the DL-SCH is assumed to be Q,,, = 8,
otherwise the maximum modulation order for the DL-SCH is assumed to be Q,,, = 6.

[0304] The above configuration may also be expressed as:

- if higher layer parameter mcs-Table given by pdsch-Config at least for a BWP of the serving cell is set to 'qam256’,
maximum modulation order Q,, = 8 is assumed for DL-SCH; otherwise a maximum modulation order Q, = 6 is
assumed for DL-SCH.

[0305] In the eleventh embodiment and the twelfth embodiment, if at least one BWP, among BWPs configured in one
serving cell, is configured to use 256 QAM in the downlink, 256QAM is considered in a case of calculating TBS, gy, thatis,
Q,,, =8, otherwise 64QAM is considered, thatis, Q,,, = 6. If all BWPs of the serving cell are configured to use 64QAM or less
for downlink, TBS, gry may be determined under the assumption that Q,,, = 6. The determination is performed in order to
calculate the largest TBS| gy by considering BWP configuration in one serving cell.
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13th Embodiment

[Maximum modulation order configuration B-3 for rate matching in consideration of LBRM]

[0306] A maximum modulation order configured for a serving cell is configured as follows:

Configuration: If parameter mcs-Table included in the higher layer signaling pdsch-Config for all BWPs of a serving cell is
configured to ’‘qam256’, a maximum modulation order for DL-SCH is assumed to be Q,, = 8, otherwise the maximum
modulation order for the DL-SCH is assumed to be Q,,, = 6.

[0307] The above configuration may also be expressed as:

- ifhigher layer parameter mcs-Table given by pdsch-Config for all BWPs of the serving cell is configured to ‘gam256°,
maximum modulation order Q,, = 8 is assumed for DL-SCH; otherwise a maximum modulation order Q,, = 6 is
assumed for DL-SCH.

[0308] In the thirteenth embodiment, if 256QAM is configured to be used in downlink in all BWPs configured in one
serving cell, 256QAM is considered in calculation of TBS, gy, thatis, Q,, =8, otherwise, 64QAM is considered, thatis, Q,,
= 6. That is, if any one of BWPs configured in the corresponding serving cell is configured to use 64QAM or less for
downlink, TBS, gr)y May be determined under the assumption that Qm =6. In a case of determining the configured Q,, (i.e.,
mcs-Table), a BWP (i.e., initial BWP) defined for initial access may be excluded.

14th embodiment
[Maximum modulation order configuration C-1 for rate matching in consideration of LBRM]

[0309] A maximum modulation order configured for a serving cell is configured as follows:

Configuration: If parameter mcs-Table included in higher layer signaling pusch-Config or configuredGrantConfig for a
BWP of a serving cell is configured to be 'qgam256’, a maximum modulation order for UL-SCH is assumed to be Q, = 8,
otherwise the maximum modulation order for the UL-SCH is assumed to be Q,,, = 6.

[0310] The above configuration may also be expressed as:

- Ifhigherlayer parameter mcs-Table given by pusch-Config or configured GrantConfig for some BWP (ora BWP) of the
serving cell is set to 'qam256’, a maximum modulation order Q,,, = 8 is assumed for UL-SCH; otherwise a maximum
modulation order Q,, = 6 is assumed for UL-SCH.

15th embodiment
[Maximum modulation order configuration C-2 for rate matching in consideration of LBRM]

[0311] A maximum modulation order configured for a serving cell is configured as follows:

Configuration: If parameter mcs-TableTransformPrecoder included in higher layer signaling pusch-Config or configur-
edGrantConfig for any BWP of the serving cell is configured to ‘gam256’, a maximum modulation order for the UL-SCH is
assumed to be Q,, = 8, otherwise the maximum modulation order for the UL-SCH is assumed to be Q,, = 6.

[0312] The above configuration may also be expressed as:

- If higher layer parameter mcs-TableTransformPrecoder given by pusch-Config or configuredGrantConfig for some
BWP (or a BWP) of the serving cell is set to 'qam256’, maximum modulation order Q,, = 8 is assumed for UL-SCH;
otherwise a maximum modulation order Q,,, = 6 is assumed for UL-SCH.

16th embodiment

[Maximum modulation order configuration D-1 for rate matching in consideration of LBRM]

[0313] A maximum modulation order configured for a serving cell is configured as follows.

[0314] Configuration: If parameter mcs-Table included in higher layer signaling pusch-Config or configuredGrantConfig
for one or more BWPs of the serving cell is configured to ’'qam256°, a maximum modulation order for UL-SCH is assumed to

be Q,,, = 8, otherwise the maximum modulation order for UL-SCH is assumed to be Q,, = 6.
[0315] The above configuration may also be expressed as:
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- ifhigherlayer parameter mcs-Table given by pusch-Config or configuredGrantConfig at least for a BWP of the serving
cellis setto’'qam256’, maximum modulation order Q,,, = 8 is assumed for UL-SCH; otherwise a maximum modulation
order Q,,, = 6 is assumed for UL-SCH.

17th embodiment
[Maximum modulation order configuration D-2 for rate matching in consideration of LBRM]

[0316] A maximum modulation order configured for a serving cell is configured as follows.

[0317] Configuration: If parameter mcs-TableTransformPrecoder included in higher layer signaling pusch-Config or
configuredGrantConfig for one or more BWPs of the serving cell is configured to 'qam256°, a maximum modulation order
forthe UL-SCH is assumed to be Q,,, = 8, otherwise the maximum modulation order for the UL-SCH is assumed tobe Q,,, =
6.

[0318] The above configuration may also be expressed as:

- ifhigherlayer parameter mcs-Table TransformPrecoder given by pusch-Config or configuredGrantConfig atleast for a
BWP of the serving cell is set to 'qam256’, maximum modulation order Q,,, = 8 is assumed for UL-SCH; otherwise a
maximum modulation order Q,, = 6 is assumed for UL-SCH.

18th embodiment
[Maximum modulation order configuration E-1 for rate matching in consideration of LBRM]

[0319] A maximum modulation order configured for a serving cell is configured as follows.

[0320] Configuration: If parameter mcs-Table included in higher layer signaling pusch-Config or configuredGrantConfig
for all BWPs in a serving cell is configured to 'gam256’, a maximum modulation order for UL-SCH is assumed to be Q,, = 8,
otherwise the maximum modulation order for UL-SCH is assumed to be Q,, = 6.

[0321] The above configuration may also be expressed as:

- Ifhigherlayer parameter mcs-Table given by pusch-Config or configuredGrantConfig for all BWPs of the serving cell is
setto’qam256’, a maximum modulation order Q,,, = 8 is assumed for UL-SCH; otherwise a maximum modulation order
Q,,, = 6 is assumed for UL-SCH.

19th embodiment
[Maximum modulation order configuration E-2 for rate matching in consideration of LBRM]

[0322] A maximum modulation order configured for a serving cell is configured as follows.

[0323] Configuration: If parameter mcs-TableTransformPrecoder included in higher layer signaling pusch-Config or
configuredGrantConfig for all BWPs of the serving cellis configured to ’'qam256’, a maximum modulation order for UL-SCH
is assumed to be Q,, = 8, otherwise the maximum modulation order for UL-SCH is assumed to be Q,,, = 6.

[0324] The above configuration may also be expressed as:

- If higher layer parameter mcs-TableTransformPrecoder given by pusch-Config or configuredGrantConfig for all
BWPs of the serving cell is set to 'qam256’, maximum modulation order Q,,, = 8 is assumed for UL-SCH; otherwise a
maximum modulation order Q,, = 6 is assumed for UL-SCH.

20th embodiment
[Maximum modulation order configuration F-1 for rate matching in consideration of LBRM]

[0325] A maximum modulation order configured for a serving cell is configured as follows.

[0326] Configuration: If the parameter mcs-Table or mcs-TableTransformPrecoder included in higher layer signaling
pusch-Config or configuredGrantConfig for any BWP of a serving cell is configured to ‘gam256’, a maximum modulation
orderforthe UL-SCHis assumed to be Q,, = 8, otherwise, the maximum modulation order for the UL-SCH is assumed to be
Q,=6.

[0327] The above configuration may also be expressed as:
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- If higher layer parameter mcs-Table or mcs-TableTransformPrecoder given by pusch-Config or configuredGrant-
Config forsome BWP ofthe serving cellis setto ’qam256’, maximum modulation order Q,, = 8 is assumed for UL-SCH;
otherwise a maximum modulation order Q,,, = 6 is assumed for UL-SCH.

21st embodiment
[Maximum modulation order configuration F-2 for rate matching in consideration of LBRM]

[0328] A maximum modulation order configured for a serving cell is configured as follows.

[0329] Configuration: If the parameter mcs-Table or mcs-TableTransformPrecoder included in higher layer signaling
pusch-Config or configuredGrantConfig for one or more BWPs of a serving cell is setto ’qam256°, a maximum modulation
order forthe UL-SCH is assumed to be Q,,, = 8, otherwise the maximum modulation order for the UL-SCH is assumed to be
Q,=6.

[0330] The above configuration may also be expressed as:

- If higher layer parameter mcs-Table or mcs-TableTransformPrecoder given by pusch-Config or configuredGrant-
Config at least for a BWP of the serving cell is set to 'qam256’, maximum modulation order Q,,, = 8 is assumed for UL-

SCH; otherwise a maximum modulation order Q,, = 6 is assumed for UL-SCH.

22nd embodiment

[Maximum modulation order configuration F-3 for rate matching in consideration of LBRM]

[0331] A maximum modulation order configured for a serving cell is configured as follows.

[0332] Configuration: If the parameter mcs-Table or mcs-TableTransformPrecoder included in higher layer signaling
pusch-Config or configuredGrantConfig for all BWPs in a serving cell is configured to ’'qam256°, a maximum modulation
order for UL-SCH is assumed to be Q,;, = 8, otherwise, the maximum modulation order for UL-SCH is assumed to be Q,,, =
6.

[0333] The above configuration may also be expressed as:

- If higher layer parameter mcs-Table or mcs-TableTransformPrecoder given by pusch-Config or configuredGrant-
Config for all BWPs of the serving cell is set to ’'qam256’, maximum modulation order Q,,, = 8 is assumed for UL-SCH;
otherwise a maximum modulation order Q,,, = 6 is assumed for UL-SCH.

23rd embodiment
[0334] For reference, the 21st embodiment may be expressed in more detail as follows.
[Maximum modulation order configuration F-4 for rate matching in consideration of LBRM]

[0335] A maximum modulation order configured for a serving cell is configured as follows.

[0336] Configuration: Parameter mcs-Table included in higher layer signaling pusch-Config; parameter mcs-Table-
TransformPrecoder included in pusch-Config; parameter mcs-Table included in configuredGrantConfig; parameter mcs-
TableTransformPrecoder included in configuredGrantConfig, for one or more BWPs in a serving cell, are configured to
'gam256’, a maximum modulation order for UL-SCH is assumed to be Q,,, = 8, otherwise the maximum modulation order
for UL-SCH is assumed to be Q,,, = 6. That is, if one of parameter mcs-Table included in higher layer signaling pusch-
Config; parameter mcs-TableTransformPrecoder included in pusch-Config; parameter mcs-Table included in configur-
edGrantConfig; parameter mcs-TableTransformPrecoder included in configuredGrantConfig, forone or more BWPs in the
serving cell, is configured to ‘qam256’, a maximum modulation order for UL-SCH is assumed to be Q,,, = 8, otherwise the
maximum modulation order for UL-SCH is assumed to be Q,, = 6.

[0337] The above configuration may also be expressed as:

- Ifhigherlayer parameter mcs-Table given by pusch-Config, or mcs-TableTransformPrecoder given by pusch-Config,
or mcs-Table given by configuredGrantConfig, or mcs-TableTransformPrecoder given by configuredGrantConfig at
least for a BWP of the serving cell is set to 'gam256’, maximum modulation order Q,,, = 8 is assumed for UL-SCH;
otherwise a maximum modulation order Q,,, = 6 is assumed for UL-SCH.

[0338] The above eleventh embodiment to 23rd embodiment may configure the maximum modulation order of the
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serving cell for the DL-SCH and the UL-SCH through various combinations. For example, a combination of the twelfth
embodiment and the 21st embodiment is as follows.

[0339] Configuration 1: If the parameter mcs-Table included in the higher layer signaling pdsch-Config for one or more
BWPs of the serving cell is configured to ’'qam256’, the maximum modulation order for the DL-SCH is assumed to be Q,, =
8, otherwise the maximum modulation order for the DL-SCH is assumed to be Q,, = 6.

[0340] Configuration 2: If the parameter mcs-Table or mcs-TableTransformPrecoder included in higher layer signaling
pusch-Config or configuredGrantConfig for one or more BWPs of the serving cell is configured to 'qam256’, the maximum
modulation order for the UL-SCH is assumed to be Q,, = 8, otherwise the maximum modulation order for the UL-SCH is
assumed to be Q,, = 6.

[0341] The above configuration may also be expressed as:

- If higher layer parameter mcs-Table given by pdsch-Config at least for a BWP of the serving cell is set to 'qam256’,
maximum modulation order Q,, = 8 is assumed for DL-SCH; otherwise a maximum modulation order Q,, = 6 is
assumed for DL-SCH; and

- If higher layer parameter mcs-Table or mcs-TableTransformPrecoder given by pusch-Config or configuredGrant-
Config at least for a BWP of the serving cell is set to 'gam256’, maximum modulation order Q,,, = 8 is assumed for UL-
SCH; otherwise a maximum modulation order Q,,, = 6 is assumed for UL-SCH.

[0342] For reference, the 20th embodiment is an example of an embodiment obtained by combining the 14th
embodiment and the 15th embodiment, the 21st embodiment is an example of an embodiment obtained by combining
the 16th embodiment and the 17th embodiment, and the 22nd embodiment is an example of an embodiment obtained by
combining the 18th embodiment and the 19th embodiment.

[0343] Anembodiment, which is obtained by combining various embodiments of parameter configuration for applying
LBRM of the disclosure, can be briefly described as a 24th embodiment below.

24th embodiment
[Example of combining parameter configuration methods for rate matching in consideration of PDSCH-LBRM]

[0344] Configuration 1: The maximum number of layers (v) for one TB is configured to be a smaller value (or smaller or
equal) among maxNumberMIMO-LayersPDSCH and 4 if maxNumberMIMO-LayersPDSCH is configured in higher layer
signaling. If the maxNumberMIMO-LayersPDSCH is not configured, the maximum number of layers for one TB is
configured to be one.

[0345] Configuration 2: If mcs-Table is configured to ’'qam256’ in higher layer signaling, the maximum modulation order
is assumed to be Q,, = 8. Otherwise, the maximum modulation order is assumed to be Q,, = 6.

[0346] Configuration 3: The maximum code rate is configured to be R = 948/1024.

[0347] Configuration4:Nggis configuredtobe 156-Nprg | gru- However, the value of Npgg | gry denotes the maximum
number of PRBs across all configured BWPs of a carrier.

[0348] The above configurations may also be simplified as:
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- if maxNumberMIMO-LayersPDSCH provided,
v = min (max Number MIMO-LayersPDSCH, 4);
else

v=1;

- if mcs-Table = qam256,

=~ Qn=8;

- else

- Qn=6;
-R =948/1024;
- Nrg = 156- NprB.LBRM

[0349] As inthe 24th embodiment, if parameters required to determine the maximum number of layers for one TB are
configured via higher layer signaling, the maximum number of layers is determined based on the value of the parameters.
However, if the parameters are not configured via higher layer signaling, it may aware that the maximum number of layers
is configured to be a predetermined value (e.g., v=1or2or 3 or...) oravalue determined according to a predetermined rule.
Similarly, if parameters required to determine the maximum modulation order is configured via higher layer signaling, the
maximum modulation order is determined based on the value of the parameters. However, if the parameters are not
configured via higher layer signaling, it may aware that the maximum modulation order is configured to be a predetermined
value or a value determined according to a predetermined rule.

[0350] In addition, a condition for the mcs-Table may be modified in various forms. For example, the maximum
modulation order may be configured according to whether mcs-Table is configured to be ‘gam256’ depending on the
BWP ofthe serving cell. Forexample, if ‘qgam256’ is configured for mcs-Table for one or more BWPs, Q,, is configured to be
8, and if’qam256’ is configured for mcs-Table for all BWPs, Q,, is configured to be 8. In addition, the maximum modulation
order may be configured, in a similar manner, based on the value of, such as mcs-TableTransformPrecoder instead of mcs-
Table.

[0351] Intheabove embodiments, operations of a terminal have been described mainly, butin orderto perform encoding
or decoding applied with LBRM by a base station, the encoding or decoding may be performed after performing the same
parameter configuration process as that of a terminal, and thus detailed descriptions thereof will be omitted. In addition,
various combinations of the PUSCH-LBRM method and the PDSCH-LBRM operation proposed in the disclosure can be
applied to the LBRM method of the base station and the terminal.

[0352] In general, LBRM may affect performance because some of parities may not be transmitted due to buffer
limitations. For this reason, the base station or the terminal may configure MCS so that LBRM is rarely applied or is
minimized.

[0353] Forexample,if TBSis calculated for each MCS and then scheduling foreach MCS is performed, determination is
made as to whether to apply the LBRM and then MCS, to which LBRM is determined to be actually applied, may not be
used. In otherwords, MCS is configured by determining one of MCSs to which LBRM is not actually applied. In some cases,
evenifthe LBRMis applied, in order to minimize the effect thereof, a relatively higher (or the highest) MCS among MCSs to
which the LBRM is applied may be configured as the final MCS.

[0354] Forreference, the determination as to whether to apply LBRM may be made by comparing a value of N and N,
value for each MCS. For example, if N> N,;, LBRM is determined to be applied, otherwise LBRM is determined not to be
applied.

[0355] As described above, a method of controlling applying of LBRM through MCS configuration may be differently
applied depending on stand-alone (SA) operation or non-standalone (NSA) operation in a system beyond 5G. In a
communication system or a network to which the SA operation method is applied, the applying of LBRM is controlled
through MCS configuration, butin a communication system or network to which the NSA operation method is applied, may
notbe true or the opposite may be true. In addition, although the applying of LBRM is controlled through MCS configuration
for both SA and NSA operation methods, specific rules may be configured differently to each other.

[0356] The SAoperationdenotes thatafirstcellular network (e.g., alegacy network) and a second cellular network (e.g.,
a 5G network) operate independently, and the NSA operation denotes that the first cellular network and the second cellular
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network are connected to each other and operated. The method in which two networks are connected and operated
denotes that at least one network controls an operation of another network.
[0357] As described above, the maximum data rate supported by a terminal in the NR system may be determined
through <Equation 1>, <Table 9>, and <Table 10> below. On the other hand, the actual data rate, which is measurable by
the terminal in the actual data transmission, may be a value obtained by dividing an amount of data by a data transmission
time and the value may correspond to a value obtained by dividinga TBS by a TTIlength in the 1 TB transmission or a value
obtained by dividing a sum of TBSs by the TTl length in the 2 TB transmission. For example, as shown in <Table 10>, the
maximum actual data rate in downlink in a cell having a 100 MHz frequency bandwidth at a 30 kHz subcarrier spacing may
be determined, as shownin <Table 11>, according to the number of allocated PDSCH symbols. In this case, the actual data
rate may be larger than the maximum data rate depending on the scheduling information.
[0358] In many communication systems including the NR system, data rates that the terminal can support may be
promised between the base station and the terminal. The data rate may be calculated using the maximum frequency band,
the maximum modulation order, or the maximum number of layers, which are supported by the terminal. However, the
calculated data rate may differ from a value calculated based on a transport block size (TBS) of a transportblock (TB)and a
transmission time interval (TTI) length, which are used for actual data transmission. Accordingly, a case may occurin which
the terminal may be allocated a TBS larger than a value corresponding to a data rate supported by the terminal itself. It may
be necessary to minimize occurrence of the case and define an operation of the terminal corresponding to the case.
[0359] However, as shown in FIG. 10, since higher layer signaling maxNumberMIMO-LayersPDSCH (for downlink) or
maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH (for uplink) is not configured until UE
)
capabilities are reported, there is a possibility that V rayers corresponding to the maximum number of layers may not be
G
determined or ="  denoting the maximum modulation order may not be determined. In this case, the base station or
the terminal may not accurately calculate the maximum supported data rate.
v 162
[0360] One method for solving the problem s to fix a value of the maximum number of layers =~ ##€”S oravalue of the
&3]
maximum modulation order 7 asa predetermined value or integer or to apply a specific rule thereto during a period
of time 1050 of FIG. 10. For example, if the maximum number of layers is not configured via higher layer signaling,

6] '$)
Layers may be configured to be one, or a value of * £4vers may be configured to a specific value that a UE should
@

support (or may support) in the band. For example, the V Layers may be configured to be a specific value, such as a value

mandated to the UE as the maximum number of layers in the band.

[0361] Inthe above, the maximum number of layers determined to be supported by the UE in the band may differ for each

frequency range. For example, in FR1 of the NR system, the UE may unconditionally support four layers, and in FR2, the
)

UE may have to support two layers. Therefore, in this case, Layers

» %
FR1and Y lavers may be configured to be 2 for a carrier belonging to FR2. As such, ~ #€"
differently defined in FR1 and FR2.

may be configured to be 4 for a carrier belonging to

may have a value

)
[0362] In addition, the maximum modulation order ™ m may be configured to be 1 or 2, i.e., modulation of BPSK or
QPSK, or to be 6, i.e., modulation of 64QAM, depending on the requirements by a system.

[0363] Specific methods for necessary configuration in a case of calculating the maximum supported data rate in the

base station or the terminal are described in the following 25th embodiment and 26th embodiment.
25th embodiment

[Parameter configuration A for calculation of the maximum supported data rate]

G W
v
[0364] In order to calculate the supported max data rate, values of ~ @€' and ="

<Equation 1> are configured as follows:

among parameters for
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Configuration 1-1: If higher layer signaling FeatureSet is configured (or UE capability is configured or reported),

)
‘/)
tavers s configured to be the maximum value of a support layer given by the higher layer parameter
maxNumberMIMO-LayersPDSCH for downlink, and configured to be the maximum value of higher layer parameters

maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

2
Configuration 1-2: In a case of not corresponding to configuration 1-1, Layers 4o configured to be a predetermined
)
Viayers =1
value (for example, ).

0D/
Configuration 2-1: If a higher layer signaling FeatureSet is given (or reported), 7 is configured to be the
maximum supported modulation order value given by the higher layer parameter supportedModulationOrderDL for
downlink, and configured to be the maximum supported modulation given by higher layer parameter supportedMo-

dulationOrderUL for uplink.

W
Configuration 2-2: In a case of not corresponding to configuration 2-1, 7 is configured to be a predetermined
o
g I 6
value (for example, ).

[0365] The configuration 1-1, the configuration 1-2, the configuration 2-1, the configuration 2-2, and other parameters of
<Equation 1> may be summarized as follows.
[0366] J is the number of aggregated component carriers in a band or band combination,

Ruax = 948/1024

[0367] For the j-th cc,

€)
v
- IfFeatureSetsis provided (orreported), ~ “#®"% s the maximum number of supported layers given by higher layer
parameter maxNumberMIMO-LayersPDSCH for downlink and the maximum of higher layer parameters maxNum-
)
. . v Layers — 1
berMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink, otherwise .

G
- If FeatureSets is provided, 7% is the maximum supported modulation order given by higher layer parameter

supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

€
Qrﬂ — 6 .

Otherwise,

[0368] For reference, preceding conditions in the configurations 1-1 and 2-1 may be represented by other similar
expressions as follows: "if FeatureSets is configured" or "if UE capability is (or was) provided".
[0369] In addition, in the above embodiments and subsequent embodiments, for convenience, in configuration 1-2,
v @ W)

Layers is configured to 1, in configuration 2-2, s configured to be 6, but is not necessarily limited thereto.
[0370] In all the embodiments including the embodiment, the part specified and applied as "provided" may be used
interchangeably or have the same meaning as "given" or "configured" or "reported”. That is, "provided" in the conditional

statement may be modified to "given", "configured", or "reported" and applied.
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26th embodiment

»
[0371] Inthe 25th embodiment, in a process of configurationof ~ “#¢”* | in a case of uplink, a more clear definition of
configuration of maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH may be required,

and thus a specific configuration method may be proposed as follows.

[Parameter configuration B for calculation of maximum supported data rate]

vgf) o
[0372] In order to calculate a maximum supported max data rate, values of e and 4

parameters for <Equation 1> are defined as follows:

among the

Configuration 1-1: In a case of downlink, if higher layer signaling maxNumberMIMO-LayersPDSCH is given (or
configured), the maximum value of a support layer given by the higher layer parameter maxNumberMIMO-
)

Iayem‘

LayersPDSCH is configured to be downlink

@
v .
Configuration 1-2: In a case of downlink, if not corresponding to configuration 1-1, the downlink  £¢”*

6
. . Vlfayers =1
configured to be a predetermined value (for example, ).
Configuration 2-1: In a case of uplink, if higher layer parameters maxNumberMIMO-LayersCB-PUSCH and max-
NumberMIMO-LayersNonCB-PUSCH are given together (or configured), the maximum number of supported layers
v G2
given by the maximum value of the two parameters is configured to be ~ Zavers
Configuration 2-2: In a case of uplink, if only one of the higher layer parameters maxNumberMIMO-LayersCB-PUSCH
and maxNumberMIMO-LayersNonCB-PUSCH is given (or configured), the maximum number of supported layers
v @
given by the parameter is configured to be = Zavers
Configuration 2-3: In a case of uplink, if not corresponding to configuration 2-1 and configuration 2-2, uplink
; )
w viayers =1 )

v . ) :
Layers g configured to be a predetermined value (for example,

Configuration 3-1: In a case of downlink, if the higher layer parameter supportedModulationOrderDL is given (or
configured), the maximum supported modulation order value given by the parameter is configured to be downlink

3
- 177
G
Configuration 3-2: In a case of downlink, if not corresponding to configuration 3-1, the downlink =~ * is configured
(€]
to a predetermined value (for example, =7 = 6).

Configuration 4-1: In a case of uplink, if the higher layer parameter supportedModulationOrderUL is given (or
configured), the maximum supported modulation order value given by the parameter is configured to be uplink

)
7z L.
o )]
Configuration 4-2: In a case of uplink, if not corresponding to configuration 4-1, the uplink m s configured to a
9]
predetermined value (for example, m =4 ).

[0373] Other parameters of the above-described configurations 1-1 to 4-2 and <Equation 1> may be summarized as
follows.
[0374] Jis the number of aggregated component carriers in a band or band combination,
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max — 948/1024

W
[0375] For the j-th cc,  *®¢" for downlink is the maximum number of supported layers given by higher layer
" )
parameter maxNumberMIMO-LayersPDSCH if that parameter is provided: otherwise, ~ 2% = 1. YV Zayers for
uplink is the maximum number of supported layers given by

- the maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-Layers-
NonCB-PUSCH if both of those parameters are provided;
- the provided parameter between maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-
PUSCH if only one of those parameters (or either of those parameters) is provided;
. vgczyers = 1
- Otherwise .

»
Q rrE

for downlink is the maximum supported modulation order given by higher layer parameter supportedModula-

€)) €3]
. . . . . Qt}‘? — 6 Qm . . .
tionOrderDL if that parameter is provided; otherwise . for uplink is the maximum supported
modulation order given by higher layer parameter supportedModulationOrderUL if that parameter is provided; otherwise
-
m =0
[0376] In the above, the part specified and applied as "provided" may be used interchangeably with "given" or
"configured" or "reported" or have the same meaning with each other. In other words, "provided" in the conditional

statement may be modified to "given", "configured”, or "reported" and applied. In the above embodiment, for convenience,

G ) @
in configuration 1-2, ~ £%¥¢"* s configured to be one, the downlink P of configuration 3-2 and the uplink m
of configuration 4-2 are configured to be 6, but the configuration is not necessarily limited thereto. In addition, the downlink
@ )
™ and the uplink 7 may have the same value or may have different values.
[0377] FIG. 19A shows an example of an operation diagram of [Parameter configuration A for calculation of the
maximum supported data rate] according to an embodiment of the disclosure, and FIG. 19B shows an example of an
operation diagram of [Parameter configuration A for calculation of the maximum supported data rate] according to
an embodiment of the disclosure.
[0378] Referringto FIGS. 19A and 19B, in order to calculate the maximum supported data rate, all parameters related to
) )
<Equation 1> may be obtained. However, in FIGS. 19A and 19B, for convenience, only Viayers g Qo among
parameters are shown, and configuration of other parameters is omitted.
) 192
. L . vlayem Qm .
[0379] FIG. 19Aillustrates a process of determining values of downlink and of a base station or a
terminal. Referring to FIG. 19A, if an instruction for calculating the maximum supported data rate is transferred (indicated
by reference numeral 1900), depending on whether FeatureSets are given (or whether UE capability is reported), values of
v 2 6]
. Lavers . o .
downlink and 7% are determined (indicated by reference numeral 1910). If FeatureSets (or UE capabilities)
v & €
are given in operation 1910, %75 s configured by the parameter maxNumberMIMO-LayersPDSCHand = "7
is configured by the parameter supportedModulationOrderDL (indicated by reference numeral 1920). In operation 1910, if
1)) @

FeatureSets (or UE capability) is not given (or not configured), then in operation 1930, ~ %S and =7 are

@ €))
vl,ayers — 1 Qr??

configured to be predetermined values, respectively (for example, =06 ) (indicated by
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reference numeral 1930).
0 D
[0380] FIG. 19B illustrates a process of determining values of uplink Layers and 7 of a base station or a
terminal. Referring to 19B, if an instruction for calculating the maximum supported data rate is transferred (indicated by
reference numeral 1950), it is determined whether FeatureSets are given (indicated by reference numeral 1960).
Operation 1960 may be replaced with an operation of determining whether UE capability is reported. If FeatureSets
)

Layers

(or UE capability) is determined to be given in operation 1960, is configured to be the maximum value of the

o)
parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH and 7* is con-
figured to be the parameter supportedModulationOrderUL (indicated by reference numeral 1970). If FeatureSets (or UE

63/ W
. . . " . . v Layers Q . .
capability) is not given (or not configured) in operation 1960, and 7% are configured to be predetermined

6D’ 6]

X viayers — 1 an — 6 o
values, respectively (for example, > .) (indicated by reference numeral 1980).

[0381] FIG. 20A shows an example of an operation diagram of [Parameter configuration B for calculation of the
maximum supported data rate] according to an embodiment of the disclosure. FIG. 20B shows an example of an
operation diagram of [Parameter configuration B for calculation of the maximum supported data rate] according to
an embodiment of the disclosure.

[0382] Referringto FIGS.20A and 20B, in order to calculate the maximum supported data rate, all parameters related to

W )
<Equation 1> may be obtained. However, in FIGS. 20A and 20B, for convenience, only Y zayers and 72 among
parameters are shown and configurations of other parameters are omitted.

) €))

[0383] FIG. 20A llustrates a process of determining values of downlink Layers and 7 of abase station and a

terminal. If an instruction for calculating a maximum supported data rate is transferred (indicated by reference numeral
2000), the base station or the terminal determines whether or not maxNumberMIMO-LayersPDSCH is given (indicated by
reference numeral 2005). If it is determined that maxNumberMIMO-LayersPDSCH is given (or configured) in operation
v W
2005,  4@€" s configured to be the parameter maxNumberMIMO-LayersPDSCH (indicated by reference numeral
> @
; vgayers ; : . VY rayers — 1., .
2020), and otherwise, is configured to be a predetermined value (for example, ) (indicated by
reference numeral 2015). Similarly, the base station or the terminal determines whether supportedModulationOrderDL is
given (or configured) (indicated by reference numeral 2010). If upportedModulationOrderDL is given in operation 2010,
o

7 is configured to be the parameter supportedModulationOrderDL (indicated by reference numeral 2025), otherwise

o O

- IFF
™ is configured to be a predetermined value (for example 6 ) (indicated by reference numeral 2030).

) )
[0384] FIG. 20B llustrates a process of determining the values of uplink ~ “**"* and Om of abase stationora
terminal. If an instruction for calculating the maximum supported data rate is transferred (indicated by reference numeral
2040), the base station and the terminal first determines whether the parameters maxNumberMIMO-LayersCB-PUSCH
and maxNumberMIMO-LayersNonCB-PUSCH are both given (or configured) (indicated by reference numeral 2045). If
two parameters are configured, the maximum value of the parameters maxNumberMIMO-LayersCB-PUSCH and
v(f')

maxNumberMIMO-LayersNonCB-PUSCH is determined to be  £#*"* (indicated by reference numeral 2055). If
both parameters are not configured, a determination is made as to whether maxNumberMIMO-LayersCB-PUSCH is
configured (indicated by reference numeral 2060). If maxNumberMIMO-LayersCB-PUSCH is configured, the maxNum-
)

berMIMO-LayersCB-PUSCH is configured to be Layers (indicated by reference numeral 2065). If maxNumberMI-
MO-LayersCB-PUSCH is not configured, a determination is made as to whether maxNumberMIMO-LayersNonCB-
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PUSCH is configured (indicated by reference numeral 2070), and if maxNumberMIMO-LayersNonCB-PUSCH is con-
0
figured, the maxNumberMIMO-LayersNonCB-PUSCH is configured to be Y Layers (indicated by reference numeral
63
2075). If it is determined that maxNumberMIMO-LayersNonCB-PUSCH is not configured, then Y iayers g configured
@
. vzayem = 1\ (indi
to be a predetermined value (for example, ) (indicated by reference numeral 2080).
[0385] Similarly, the base station or the terminal first determines whether supportedModulationOrderUL is given (or
)
configured) (indicated by reference numeral 2050). If the supportedModulationOrderUL is given (or configured), m
is configured to be the parameter supportedModulationOrderUL (indicated by reference numeral 2085), otherwise
oo , O~
% is configured to be a predetermined value (for example, .) (indicated by reference numeral 2090).
[0386] InFIG.20B,the orderofoperations 2060 and 2070 may be exchanged with each other, and accordingly, the order
of operations 2065 and 2075 may be exchanged with each other.
[0387] Operationsof FIGS. 19A, 19B, 20A, and 20B may be performed by the base station and the terminal, respectively.
[0388] Accordingly, the maximum data rate of the terminal according to the conditional statements can be calculated as
follows. In the disclosure, the maximum data rate may also be expressed by an approximate data rate.
[0389] For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is
computed as follows.

J BW (j).u

. . . N 12

data rate (in Mbps) =107° - E vggm 'Q,qu) A
j=1 3

{1-om©)

[0390] Wherein J is the number of aggregated component carriers in a band or band combination

Rumax = 948/1024

[0391] For the j-th cc,
&
Y Layers for downlink is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-
10, ;
viayers =1 v<]>

LayersPDSCH if that parameter is provided; otherwise, Layers for yplink is the maximum number of

supported layers given by

- maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-
PUSCH if both of those parameters are provided;
- the provided higher layer parameter between maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-Layers-
NonCB-PUSCH if only one of those parameters is provided;
v )
7z _
- Otherwise wers =1 .

3
7 for downlink is the maximum supported modulation order given by higher layer parameter supportedModu-

€)) ;

m = 6 Q 2z
lationOrderDL if that parameter is provided; otherwise . 7 for uplink is the maximum supported
modulation order given by higher layer parameter supportedModulationOrderUL if that parameter is provided; otherwise

&
172 :6

[0392] f()isthe scaling factorgiven by higherlayer parameter scalingFactorand can take the values 1,0.8,0.75,and 0.4.
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1
[0393] . isthe numerology (as defined in TS 38.211 [6]) s is the average OFDM symbol duration in a subframe for
-3
10
s n A LB
numerology ., i.e. 14-2 . Note that normal cyclic prefix is assumed. £RE is the maximum RB

allocation in bandwidth BW(j) with numerology ., as definedin 5.3 TS 38.101-1[2]and 5.3 TS 38.101-2[3], where BW(j) is
the UE supported maximum bandwidth in the given band or band combination.
[0394] OHO) is the overhead and takes the following values

0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL

[0395] NOTE: Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL.
[0396] The approximate maximum data rate can be computed as the maximum of the approximate data rates computed
using the above formula for each of the supported band or band combinations.

[0397] Inallthe embodiments, if the higherlayer parameters or signaling are not clearly defined, a method of configuring
values thereof based on a predetermined method has been proposed, and the method can be realized through various
methods. For example, in the twenty-fifth and twenty-sixth embodiments, if values of supportedModulationOrderDL or
supportedModulationOrderUL are unclear or undefined, a method of configuring the values based on a predetermined
value orrule is proposed, but it would be obvious that a similar oridentical effect can be achieved by modifying the definition
of the higher layer parameter or signaling.

[0398] Forexample,inthefollowing, a parameter configuration method for calculating the maximum supported datarate
is the same as before, and by modifying the definition of supportedModulationOrderDL or supportedModulationOrderUL,
which is the higher layer parameter or signaling, a similar or identical effect to be supported by the disclosure can be
achieved.

[Parameter configuration to calculate maximum supported data rate]

[0399] For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is
computed as follows.

J BW (j).u

. . . N 12

data rate (in Mbps) =107° - E vggm 'Q,qu) A
Jj=1 s

( _OH(j))

[0400] Wherein J is the number of aggregated component carriers in a band or band combination

Rumax = 948/1024

[0401] For the j-th cc,
)
vzayers \ . . .
is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-
LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and
)
maxNumberMIMO-LayersNonCB-PUSCH for uplink. - 7' is the maximum supported modulation order given by
higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOr-
derUL for uplink.
[0402] f()isthe scaling factor given by higher layer parameter scalingFactorand can take the values 1,0.8,0.75,and 0.4.
"

z
[0403] pisthe numerology (as definedin TS 38.211[6]) ~ ¥ isthe average OFDM symbol duration in a subframe for
-3
. 10
- HAGHNRE
. 142" o Nozs " .
numerology ., i.e. . Note that normal cyclic prefix is assumed. is the maximum RB
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allocation in bandwidth BW(j) with numerology ., as definedin 5.3 TS 38.101-1[2]and 5.3 TS 38.101-2[3], where BW(j) is
the UE supported maximum bandwidth in the given band or band combination.
[0404] OHO) is the overhead and takes the following values

0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL

[0405] NOTE: Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL.
[0406] The approximate maximum data rate can be computed as the maximum of the approximate data rates computed
using the above formula for each of the supported band or band combinations.

[0407] Here, supportedModulationOrderDL and supportedModulationOrderUL applied to the calculation may
be redefined as follows.

supportedModulationOrderDL

[0408] Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate
calculation. The network may use a modulation order on this serving cell which is higher than the value indicated in this field
as long as UE supports the modulation of higher value for downlink.

[0409] Ifthisfield is absent, the maximum supported modulation order to be applied for downlink in the carrier in the max
data rate calculation is given by the maximum modulation order that UE supports for downlink.

[0410] In the supportedModulationOrderDL, if the value of supportedModulationOrderDL is not configured, the
maximum supported modulation order applied for calculating the maximum data rate is defined as the maximum
modulation order supported by a UE, but is not limited thereto and may be defined through another rule. For example,
another predetermined specific integer may be configured or different values or different rules may be applied depending
on a band, FR1, or FR2.

supportedModulationOrderUL

[0411] Indicates the maximum supported modulation order to be applied for uplink in the carrier in the max data rate
calculation. The network may use a modulation order on this serving cell which is higher than the value indicated in this field
as long as UE supports the modulation of higher value for uplink.

[0412] If this field is absent, the maximum supported modulation order to be applied for uplink in the carrier in the max
data rate calculation is given by the maximum modulation order that UE supports for uplink.

[0413] In the supportedModulationOrderUL, if the value of the supportedModulationOrderUL is not configured, the
maximum supported modulation order applied for calculation of the maximum data rate is defined as the maximum
modulation order supported by a UE, but it is not limited thereto and it is obvious that it may be defined through other rules.
For example, it is obvious that another predetermined specific integer may be configured or different values or different
rules may be applied depending on a band, FR1, or FR2.

[0414] For example, supportedModulationOrderDL and supportedModulationOrderUL may be redefined, as follows.

supportedModulationOrderDL

[0415] Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate
calculation. The network may use a modulation order on this serving cell which is higher than the value indicated in this field
as long as UE supports the modulation of higher value for downlink.

[0416] If this field is absent, supportedModulationOrderDL = 8 is applied if pdsch-256 QAM-FR1 is set to supported in
FR1 or pdsch-256QAM-FR2 is set to supported in FR2 and, otherwise, supportedModulationOrderDL = 8 is applied.

supportedModulationOrderUL

[0417] Indicates the maximum supported modulation order to be applied for uplink in the carrier in the max data rate
calculation. The network may use a modulation order on this serving cell which is higher than the value indicated in this field
as long as UE supports the modulation of higher value for uplink.

[0418] If this field is absent, supportedModulationOrderUL = 8 is applied if pusch-256QAM is set to supported and,
otherwise, supportedModulationOrderUL = 8 is applied.

[0419] As another example, supportedModulationOrderDL and supportedModulationOrderUL may be redefined, as
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follows.

supportedModulationOrderDL

[0420] Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate
calculation. The network may use a modulation order on this serving cell which is higher than the value indicated in this field
as long as UE supports the modulation of higher value for downlink.

[0421] If this field is absent, supportedModulationOrderDL = 8 is applied if the UE supports 256 QAM and, otherwise,
supportedModulationOrderDL = 8 is applied.

supportedModulationOrderUL

[0422] Indicates the maximum supported modulation order to be applied for uplink in the carrier in the max data rate
calculation. The network may use a modulation order on this serving cell which is higher than the value indicated in this field
as long as UE supports the modulation of higher value for uplink.

[0423] If this field is absent, supportedModulationOrderUL = 8 is applied if the UE supports 256 QAM and, otherwise,
supportedModulationOrderUL = 8 is applied.

[0424] In addition, in some embodiments related to LBRM, if the higher layer signaling (or parameter) maxNumberMI-
MO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH are configured at the same time, provided is an
example of determining the value of X, based on the maximum value among the two values, but it is not necessarily limited
thereto, and more diverse rules may be applied thereto. For example, even if higher layer signaling (or parameter)
maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH are configured at the same time,
the value of X is differently configured based on txConfig information included in the PUSCH-Config among system
information. The PUSCH-Config information includes txConfig information as follows, and definition thereof is as follows.

PUSCH-Config :: = SEQUENCE {

txConfig = ENUMERATED {codebook, nonCodebook}

[txConfig definition]

[0425] Whether UE uses codebook based or non-codebook based transmission. If the field is absent, the UE transmits
PUSCH on one antenna port.

[0426] Inthe TBS_LBRM calculation, the value of X may be determined according to configuration of the txConfig. As an
example, if a value of txConfig is codebook, X may be configured to be maxNumberMIMO-LayersCB-PUSCH, or if the
value of txConfig value is nonCodebook, X may be configured to be maxNumberMIMO-LayersNonCB-PUSCH. It goes
without saying that various embodiments may be applied without being limited thereto.

[0427] FIGS. 21 and 22 each illustrate a transmitter, a receiver, and a processor of a terminal and a base station for
performing embodiments. In order to calculate an actual data rate and perform a transmission/reception method according
to the disclosure, the receiver, the processor, and the transmitter of the base station and the terminal may operate
according to the above-described embodiments.

[0428] FIG. 21 is a block diagram of a terminal according to an embodiment of the disclosure.

[0429] Referring to FIG. 21, a terminal of the disclosure may include a terminal receiver 2100, a terminal transmitter
2110, and a terminal processor 2120. In the disclosure, the terminal receiver 2100 and the terminal transmitter 2110 may
be collectively referred to as a transceiver. The transceiver may transmit or receive a signal to or from a base station. The
signal may include control information and data. To this end, the transceiver may include an RF transmitter for up-
converting and amplifying a frequency of the transmitted signal, and an RF receiver for low-noise amplifying the received
signal and down-converting a frequency of the received signal.

[0430] Further, the transceiver may receive a signal through a wireless channel, output the signal to the terminal
processor 2120, and transmit the signal output from the terminal processor 2120 through a wireless channel. The terminal
processor 2120 may control a series of processes such that the terminal may operate according to the above-described
embodiment. For example, the terminal receiver 2100 receives data and control information including scheduling
information for data transmission from the base station, and the terminal processor 2120 may compare a peak data
rate and a scheduled data amount of the terminal and determine whether to decode and transmit the same, and perform
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signal processing according thereto. Thereafter, signals that need to be transmitted by the terminal transmitter 2110 may
be transmitted to the base station.

[0431] FIG. 22 is a block diagram of a base station according to an embodiment of the disclosure.

[0432] Referring to FIG. 22, a base station of the disclosure may include a base station receiver 2200, a base station
transmitter 2210, and a base station processor 2220. In the disclosure, the base station receiver 2200 and the base station
transmitter 2210 may be collectively referred to as a transceiver. The transceiver may transmit or receive a signal to or from
aterminal. The signal may include control information and data. To this end, the transceiver may include an RF transmitter
for up-converting and amplifying a frequency of the transmitted signal, and an RF receiver for low-noise amplifying the
received signal and down-converting a frequency of the received signal. Further, the transceiver may receive a signal
through a wireless channel, output the signal to the base station processor 2220, and transmit the signal output from the
base station processor 2220 through a wireless channel.

[0433] The base station processor 2220 may control a series of processes such that the base station may operate
according to the above-described embodiment. For example, the base station processor 2220 may calculate a peak data
rate of the terminal, determine TBS within a range not exceeding the peak data rate, and schedule the TBS so as to
generate control information.

[0434] Thereafter, the control information generated by the base station transmitter 2210 may be transmitted, and the
base station receiver 2200 may receive an uplink data signal and feedback of the terminal.

[0435] On the other hand, embodiments disclosed in the specification and drawings are merely presented as specific
examples to easily explain the technical contents of the disclosure and help understanding of the disclosure, and are not
intended to limit the scope of the disclosure. It will be apparent to those skilled in the art belonging to the disclosure that
other modifications based on the technical idea of the disclosure may be implemented. In addition, each of the above
embodiments may be combined with each other, as necessary, and operate. For example, it may be possible to apply the
first embodiment and the second embodiment in combination, or it may be possible to apply a combination of a part of the
firstembodiment and a part of the second embodiment. In addition, the above embodiments may be implemented in other
modifications based on the technical spirit of the embodiment, such as LTE system and 5G system.

[0436] In addition to the foregoing explanations, the following enumerated aspects 1 to 12 are also relevant to the
present disclosure:

[Aspect 1]
[0437] A method performed by a base station in a communication system, the method comprising:
identifying that a downlink limited buffer rate matching (LBRM) is applied;
encoding information bits to be transmitted to a terminal using a low-density parity-check code (LDPC);
identifying a length of a circular buffer N, based on a transport block size (TBS) for the downlink LBRM;
determining a bit sequence based on the N, and the encoded information bits; and
transmitting, to the terminal, the bit sequence,
wherein the TBS for the downlink LBRM is identified based on a downlink maximum modulation order, and
wherein the downlink maximum modulation order is identified as either 8 or 6 based on bandwidth part (BWP)
configuration in higher layer signaling.
[Aspect 2]
[0438] The method of Aspect 1, wherein the downlink maximum modulation order is identified as 8, in case that the
higher layer signaling indicates that a modulation and coding scheme (MCS) table associated with a physical downlink
shared channel (PDSCH) supports 256QAM for at least one BWP of a serving cell.
[Aspect 3]

[0439] The method of Aspect 2, wherein the downlink maximum modulation order is identified as 6, in case that the MCS
table associated with the PDSCH does not support 256 QAM for any BWP of the serving cell.

[Aspect 4]
[0440] A method performed by a terminal in a communication system, the method comprising:

identifying that a downlink limited buffer rate matching (LBRM) is applied;
identifying a length of a circular buffer N, for receiving information bits from a base station based on a transport block
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size (TBS) for the downlink LBRM;

receiving, from the base station, downlink data signal; and

obtaining information bits associated with the downlink data signal based on the N,

wherein the TBS for the downlink LBRM is identified based on a downlink maximum modulation order, and
wherein the downlink maximum modulation order is identified as either 8 or 6 based on based on bandwidth part
(BWP) configuration in higher layer signaling.

[Aspect 5]

[0441] The method of Aspect 4, wherein the downlink maximum modulation order is identified as 8, in case that the
higher layer signaling indicates that a modulation and coding scheme (MCS) table associated with a physical downlink
shared channel (PDSCH) supports 256QAM for at least one BWP of a serving cell.

[Aspect 6]

[0442] The method of Aspect4, wherein the downlink maximum modulation order is identified as 6, in case that the MCS
table associated with the PDSCH does not support 256 QAM for any BWP of the serving cell.

[Aspect 7]
[0443] A base station in a communication system, the base station comprising:

a transceiver; and
at least one processor configured to:

identify that a downlink limited buffer rate matching (LBRM) is applied,

encode information bits to be transmitted to a terminal using a low-density parity-check code (LDPC),

identify a length of a circular buffer N, based on a transport block size (TBS) for the downlink LBRM,
determine a bit sequence based on the N, and the encoded information bits, and

transmit, to the terminal via the transceiver, the bit sequence,

wherein the TBS for the downlink LBRM is identified based on a downlink maximum modulation order, and
wherein the downlink maximum modulation order is identified as either 8 or 6 based on based on bandwidth part
(BWP) configuration in higher layer signaling.

[Aspect 8]

[0444] The base station of Aspect 7, wherein the downlink maximum modulation order is identified as 8, in case that the
higher layer signaling indicates that a modulation and coding scheme (MCS) table associated with a physical downlink
shared channel (PDSCH) supports 256QAM for at least one BWP of a serving cell.

[Aspect 9]

[0445] The base station of Aspect 7, wherein the downlink maximum modulation order is identified as 6, in case that the
MCS table associated with the PDSCH does not support 256 QAM for any BWP of the serving cell.

[Aspect 10]
[0446] A terminal in a communication system, the terminal comprising:

a transceiver; and
at least one processor configured to:

identify that a downlink limited buffer rate matching (LBRM) is applied,

identify alength of a circular buffer N, for receiving information bits from a base station based on a transport block
size (TBS) for the downlink LBRM,

receive, from the base station via the transceiver, a downlink data signal, and

obtain information bits associated with the downlink data signal based on the N,

wherein the TBS for the downlink LBRM is identified based on a downlink maximum modulation order, and
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wherein the downlink maximum modulation order is identified as either 8 or 6 based on bandwidth part (BWP)
configuration in higher layer signaling.

[Aspect 11]

[0447] The terminal of Aspect 10, wherein the downlink maximum modulation order is identified as 8, in case that the
higher layer signaling indicates that a modulation and coding scheme (MCS) table associated with a physical downlink
shared channel (PDSCH) supports 256QAM for at least one BWP of a serving cell.

[Aspect 12]

[0448] The terminal of Aspect 10, wherein the downlink maximum modulation order is identified as 6, in case that the
MCS table associated with the PDSCH does not support 256 QAM for any BWP of the serving cell.

[0449] While the disclosure has been shown and described with reference to various embodiments thereof, it will be
understood by those skilled in the art that various changes in form and details may be made therein without departing from
the spirit and scope of the disclosure as defined by the appended claims and their equivalents.

Claims
1. A method performed by a terminal in a communication system, the method comprising:

identifying that an uplink limited buffer rate matching, LBRM, is applied;

receiving, from a base station, a bandwidth part, BWP, configuration for each of a plurality of BWPs of a serving
cell in higher layer signaling, each BWP configuration indicating a type of modulation and coding scheme, MCS,
table associated with a physical uplink shared channel, PUSCH, for a corresponding BWP of the serving cell;
encoding information bits to be transmitted to the base station using a low-density parity-check, LDPC, code;
identifying a length of a circular buffer N, based on a transport block size, TBS, for the uplink LBRM;
determining a bit sequence based on the N, and the encoded information bits;

transmitting, to the base station, the bit sequence,

wherein the TBS for the uplink LBRM is identified based on an uplink maximum modulation order, and
wherein the uplink maximum modulation order for the serving cell corresponds to 8, in case that at least one type
of MCS table for at least one BWP among the plurality of BWPs of the serving cell corresponds to 256QAM, and
wherein the uplink maximum modulation order for the serving cell corresponds to 6, in case that all types of MCS
table for the plurality of BWPs of the serving cell correspond to 64QAM.

2. The method of claim 1, wherein the TBS for the uplink LBRM is further based on a maximum number of layers for one
transport block, TB,
wherein the maximum number of layers for one TB corresponds to a maxMIMO-Layers in case that the maxMIMO-
Layers is configured via higher layer signaling.

3. Themethod of claim 2, wherein the maximum number of layers for one TB corresponds to a maxRank in case that the
maxMIMO-Layers is not configured and the maxRank is configured via higher layer signaling.

4. The method of claim 3, wherein the maxMIMO-Layers and the maxRank are not configured, the maximum number of
layers for one TB corresponds to a maximum number of layers for the PUSCH supported by the terminal.

5. A method performed by a base station in a communication system, the method comprising:

identifying that an uplink limited buffer rate matching, LBRM, is applied;

transmitting, to a terminal, a bandwidth part, BWP, configuration for each of a plurality of BWPs of a serving cell in
higher layer signaling, each BWP configuration indicating a type of modulation and coding scheme, MCS, table
associated with a physical uplink shared channel, PUSCH, for a corresponding BWP of the serving cell;
identifying a length of a circular buffer N, for receiving information bits from the terminal based on a transport
block size, TBS, for the uplink LBRM;

receiving, from the terminal, an uplink data signal; and

obtaining the information bits associated with the uplink data signal based on the N,

wherein the TBS for the uplink LBRM is identified based on a uplink maximum modulation order,
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wherein the uplink maximum modulation order for the serving cell corresponds to 8, in case that at least one type
of MCS table for at least one BWP among the plurality of BWPs of the serving cell corresponds to 256QAM, and
wherein the uplink maximum modulation order for the serving cell corresponds to 6, in case that all types of MCS
table for the plurality of BWPs of the serving cell correspond to 64QAM.

The method of claim 5, wherein the TBS for the uplink LBRM is further based on a maximum number of layers for one
transport block, TB,

wherein the maximum number of layers for one TB corresponds to a maxMIMO-Layers in case that the maxMIMO-
Layers is configured via higher layer signaling.

The method of claim 6, wherein the maximum number of layers for one TB corresponds to a maxRank in case that the
maxMIMO-Layers is not configured and the maxRank is configured via higher layer signaling.

The method of claim 7, wherein the maxMIMO-Layers and the maxRank are not configured, the maximum number of
layers for one TB corresponds to a maximum number of layers for the PUSCH supported by the terminal.

A terminal in a communication system, the terminal comprising:

a transceiver; and

identify that an uplink limited buffer rate matching, LBRM, is applied,

receive, from a base station, a bandwidth part, BWP, configuration for each of a plurality of BWPs of a serving cell
in higher layer signaling, each BWP configuration indicating a type of modulation and coding scheme, MCS, table
associated with a physical uplink shared channel, PUSCH, for a corresponding BWP of the serving cell,
encode information bits to be transmitted to the base station using a low-density parity-check, LDPC, code,
identify a length of a circular buffer N, based on a transport block size, TBS, for the uplink LBRM,

determine a bit sequence based on the N, and the encoded information bits, and

transmit, to the base station, the bit sequence,

wherein the TBS for the uplink LBRM is identified based on an uplink maximum modulation order, and
wherein the uplink maximum modulation order for the serving cell corresponds to 8, in case that at least one type
of MCS table for at least one BWP among the plurality of BWPs of the serving cell corresponds to 256QAM, and
wherein the uplink maximum modulation order for the serving cell corresponds to 6, in case that all types of MCS
table for the plurality of BWPs of the serving cell correspond to 64QAM.

The terminal of claim 9, wherein the TBS for the uplink LBRM is further based on a maximum number of layers for one
transport block, TB,

wherein the maximum number of layers for one TB corresponds to a maxMIMO-Layers in case that the maxMIMO-
Layers is configured via higher layer signaling.

The terminal of claim 10, wherein the maximum number of layers for one TB corresponds to amaxRankin case that the
maxMIMO-Layers is not configured and the maxRank is configured via higher layer signaling.

The terminal of claim 11, wherein the maxMIMO-Layers and the maxRank are not configured, the maximum number of
layers for one TB corresponds to a maximum number of layers for the PUSCH supported by the terminal.

A base station in a communication system, the base station comprising:

a transceiver; and

identify that an uplink limited buffer rate matching, LBRM, is applied,

transmit, to a terminal, a bandwidth part, BWP, configuration for each of a plurality of BWPs of a serving cell in
higher layer signaling, each BWP configuration indicating a type of modulation and coding scheme, MCS, table
associated with a physical uplink shared channel, PUSCH, for a corresponding BWP of the serving cell,
identify a length of a circular buffer N, for receiving information bits from the terminal based on a transport block
size, TBS, for the uplink LBRM,

receive, from the terminal, an uplink data signal, and

obtain the information bits associated with the uplink data signal based on the N,

wherein the TBS for the uplink LBRM is identified based on a uplink maximum modulation order,

wherein the uplink maximum modulation order for the serving cell corresponds to 8, in case that at least one type
of MCS table for at least one BWP among the plurality of BWPs of the serving cell corresponds to 256QAM, and
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wherein the uplink maximum modulation order for the serving cell corresponds to 6, in case that all types of MCS
table for the plurality of BWPs of the serving cell correspond to 64QAM.

The base station of claim 13, wherein the TBS for the uplink LBRM is further based on a maximum number of layers for
one transport block, TB,

wherein the maximum number of layers for one TB corresponds to a maxMIMO-Layers in case that the maxMIMO-
Layers is configured via higher layer signaling.

The base station of claim 14, wherein the maximum number of layers for one TB corresponds to a maxRank in case
that the maxMIMO-Layers is not configured and the maxRank is configured via higher layer signaling.

The base station of claim 15, wherein the maxMIMO-Layers and the maxRank are not configured, the maximum
number of layers for one TB corresponds to a maximum number of layers for the PUSCH supported by the terminal.
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[Figure 2]
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[Figure 3]
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[Figure 6b]
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[Figure 7a)
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[Figure 7b]
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[Figure 8a]
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[Figure 8b]
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[Figure 9]
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[Figure 10]
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[Figure 11]
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[Figure 13]
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[Figure 14]
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[Figure 15]
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[Figure 16]
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[Figure 17]
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[Figure 18]
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[Figure 19a]
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[Figure 19b]
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[Figure 20a]
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[Figure 20b]
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[Figure 21]
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